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PREFACE. 


These  notes  are  intended  for  teachers  and  others  who  may 
wish  a  brief  statement  of  some  of  the  most  important  theories 
of  color.  They  do  not  present  new  matter  or  new  theories. 
Their  aim  is,  first,  to  show  that  color  perception  is  aesthetically 
and  educationally  more  important  than  color  theories,  and  that 
correct  theories  can  come  only  from  a  generally  increased 
power  to  perceive  color  sensations ;  second,  to  give  to  public- 
school  teachers  suggestions  which  may  assist  them  to  create  in 
their  pupils  a  love  for  color  and  a  power  to  see  the  delicate  and 
beautiful  effects  which  Nature  presents. 

The  public-school  teacher  should  not  attempt  to  present 
color  theories  to  primary  or  grammar-school  pupils,  but  she 
will  not  be  able  to  present  the  subject  in  a  simple  and  interest- 
ing manner  if  she  does  not  possess  general  information  beyond 
the  facts  she  may  state  to  her  pupils.  The  first  part  of  this 
book  briefly  explains  some  of  the  most  important  facts  relating 
to  color,  which  will  assist  teachers  to  awaken  in  their  pupils  the 
idea  that  Nature's  colors  are  always  changing. 

It  is  not  claimed  that  the  work  here  suggested  for  the  public 
schools  is  the  best  possible  course,  but  only  that  it  forms  a 
good  basis  for  experiments,  which  will  lead  to  more  satisfactory 
results  in  color  work. 

Those  who  wish  more  than  the  brief  outline  of  the  two  lead- 
ing color  theories  given  here,  should  consult  Rood's  Modern 
Chromatics,  The  Theory  of  Color,  by  von  Bezold,  and  George 
Field's  works  on  color.     Those  who  desire  more  information 
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on  the  contrast  and  arrangement  of  colors  will  find  Chevreul's 
and  von  Bezold's  works  interesting  and  valuable. 

Although  study  of  these  theories  will  show  how  absurd  it  is 
to  expect  to  produce  by  theory  alone  a  work  of  art,  yet  it 
will  give  general  principles  which  will  be  of  value  in  assist- 
ing one  to  perceive  color  effects.  To  create  beautiful  color  or 
art  in  any  direction  requires  genius,  and  genius  is  repressed  or 
killed  by  the  rigid  and  imperfect  rules  of  any  school. 

Anson  K.  Cross. 
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CHAPTER   I. 

COLOR    STANDARDS. 

In  order  that  the  following  pages  may  be  understood,  the  defini- 
tions given  at  the  back  of  the  book  should  be  carefully  studied  for 
the  meanings  of  the  different  color  terms  used.  Of  these  local  and 
apparent  are  especially  important. 

By  local  color  is  meant  the  color  which  any  object  appears  when 
it  is  so  near  the  eyes  that  its  color  is  not  changed  by  the  atmosphere, 
and  it  is  seen  under  pure  white  light,  and  does  not  reflect  colored 
light  from  objects  situated  near  it. 

By  apparent  color  is  meant  any  appearance  of  color  which  is  not 
the  local  color.  The  appearance  of  any  color  is  changed  by  the 
atmosphere,  by  a  colored  illuminating  light,  by  reflected  lights,  by 
contrast,  by  light  and  shade,  and  by  other  causes,  all  of  which  may 
act  singly  or  combined. 

Color  is  of  all  qualities  the  most  difficult  to  see.  We  do  not 
mean  local  color,  that  is,  the  absolute  color  of  an  object,  for  this  is 
without  doubt  about  as  easy  to  realize  as  the  actual  forms  of  objects. 
As  in  outline  drawing,  the  difficulty  is  to  see  the  apparent  form  of 
the  object,  which  is  rarely  the  real  form ;  so  in  color,  the  difficulty  is 
to  see  the  apparent  color,  which,  as  seen  in  Nature,  may  be  said 
never  to  be  the  real  or  local  color. 

Some  eyes  distort  the  image  of  form  so  that  the  full  moon,  for 
instance,  appears  an  ellipse  instead  of  a  circle.  With  color  there  is 
much  more  distortion.  It  is  well  known  that  many  people  are  color- 
blind. There  are  different  forms  of  color-blindness  :  some,  for  in- 
stance, may  see  the  green  and  the  red  rays  only ;  others,  the  green 
and  the  violet ;  some  may  see  two  colors  perfectly,  and  a  third  im- 
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perfectly ;  and  others  may  see  all  imperfectly.  There  is  every  prob- 
ability that  color-blindness  may  be  to  a  slight  extent  very  general. 
Total  color  blindness,  as  generally  understood,  causes  all  colors  to 
appear  as  different  tones  of  neutral  grays. 

Such  a  defect,  or  the  failure  to  see  to  a  large  extent  any  color  or 
colors,  may  be  readily  discovered,  although  experiments  have  shown 
that  many  persons  thus  affected  have  grown  to  maturity,  and  engaged 
in  occupations  requiring  color  perception,  without  having  become 
aware  of  their  deficiency.  If  this  can  happen  when  the  defect  is 
marked,  how  little  chance  there  is  that  the  person  who  is  only 
slightly  affected  by  this  trouble  will  ever  realize  that  he  does  not  see 
as  much  color  as  another  person !  That  most  people  are  more  or 
less  color-blind  is  proven  by  the  fact  that  until  very  lately  even 
the  artists,  whose  entire  study  is  that  of  color  and  color  as  it  appears, 
not  as  it  is,  have  been  blind  to  the  color  in  Nature.  If  not  blind  so 
far  as  actual  perception  of  the  color  is  concerned,  then  they  certainly 
have  absolutely  refused  to  paint  the  colors  which  they  have  seen. 

Originality,  that  capacity  which  enables  us  to  assimilate  ideas,  is 
very  rare.  At  times,  for  centuries  almost,  it  has  seemed  to  be 
entirely  dormant ;  at  other  times  more  common,  it  has  led  to  the 
awakening  of  ideas  which  have  produced  the  great  epochs  of  the 
world's  history. 

For  centuries  artists  have  been  satisfied  to  paint  as  their  masters 
painted.  Art  was  reduced  to  a  system,  and  an  individual  percep- 
tion of  the  color  that  Nature  presents  was  not  reached  until  the  latter 
part  of  the  nineteenth  century. 

If  artists  saw  color  with  the  eyes  of  their  masters,  the  public  saw 
color  with  the  eyes  of  the  artists ;  and  thus  it  has  happened  that,  up 
to  within  a  very  few  years,  the  idea  that  Nature's  color-effects  are 
very  different  from  the  local  colors,  and  are  not  dull  and  heavy,  has 
not  arisen  to  cause  the  public  to  question  the  standard,  so  long 
accepted,  — that  good  painting  must  be  in  quiet  and  subdued  colors. 

The  fact  that  a  mirror  reflects  light  and  color  rarely  occurred  to 
the  painters  before  Turner;  or  if  it  did  occur  to  them,  they  did  not 
'see  that  every  object  in  Nature  is  to  a  greater  or  less  extent  a  mirror. 
Most  objects  resemble  mirrors  to  a  very  large  extent ;  for  every  sur- 
face rellects  light,  and  every  smooth  surface  reflects  a  large  amount 
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of  the  light  it  receives.  On  a  rainy  day  it  is  almost,  if  not  quite, 
impossible  to  discover  the  local  color  even  in  objects  that  are  near. 

It  is  almost  beyond  belief  that  for  hundreds  of  years  painters 
should  have  persisted  in  representing  every  shadow  by  a  muddy 
brown  or  dirt  color,  when  their  eyes  have  said  to  the  incredulous 
brain,  "The  shadow  is  bluish."  It  is  hard  to  realize  that  painters 
should  not  have  seen  that  a  horizontal  mirror  upon  the  sand  at  the 
seashore,  in  the  shadow  of  some  object,  must  reflect  the  blue  of  the 
sky ;  and  that,  seeing  this,  they  should  not  have  discovered  that  the 
white  sand  is  composed  of  grains  of  rock,  whose  faces  are  smooth 
and  polished  mirrors,  which  together  form  a  mirror  capable  of  reflect- 
ing a  large  part  of  the  blue  reflected  by  the  glass  mirror. 

Realizing  the  fact  that  it  has  taken  so  long  for  artists  to  discover 
that  color  as  well  as  form  is  changed  by  the  act  of  perception,  the 
public  should  not  think  it  strange  if  the  colors  now  seen  by  painters 
are  invisible  to  those  whose  color  perception  is  due  to  false  educa- 
tion and  standards. 

In  order  to  show  the  difficulties  investing  any  attempts  to  reduce 
color  to  a  science,  we  refer  to  the  present  awakening  in  the  direction 
of  color,  which  has  led  to  much  that  is  absurd  and  ugly,  especially 
from  the  hands  of  artists  who  have  been  forced  to  change  their 
style  much  against  their  wills  and  entirely  without  an  understanding 
of  the  real  principles  involved. 

Even  as  regards  the  absolute  or  local  colors  of  objects,  a  sci- 
entific classification  is  impossible.  Nature  gives  us  no  fixed  and 
unchanging  colors ;  she  gives  us  no  complete  scale  of  colors.  The 
spectrum,  which  is  the  nearest  to  this,  is  incomplete  in  colors  and 
hues ;  not  only  this,  but  its  colors  change  with  the  hour  of  the  day  and 
the  state  of  the  atmosphere.  In  pigments  we  do  not  find  a  single 
pure  color. 

If  we  attempt  to  create  a  standard,  who  shall  be  the  judges  ? 
We  do  not  know  to  what  extent  we  are  all  color-blind,  and  we  cer- 
tainly shall  not  find  that  amateurs,  scientists,  or  artists,  will  agree 
even  within  the  limits  of  their  own  professions.  If  we  should  put 
the  matter  to  a  test  and  compel,  or  in  any  way  obtain,  the  opinions 
of  all  the  artists,  for  instance,  the  majority  to  decide,  who  can 
say  that  the  majority  might  not  be  composed  of  those  who  have, 
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in  greater  or  less  degree,  color-blindness  in  its  most  common  form  ? 
This  vote  would  certainly  decide  nothing,  for  the  minority  would 
see  and  paint  color  by  their  own  eyes  or  by  traditions,  as  they 
might  happen  to  work.  The  matter  would  be  decided  no  bet- 
ter by  the  public.  Artists  and  the  public  have  been  equally  blind 
in  the  past,  and  although,  in  the  matter  of  real  or  absolute  color 
as  distinguished  from  apparent  color,  it  is  without  doubt  possible 
to  decide  upon  and  name  certain  colors  as  the  standards,  it  is  a 
question  if  educationally  the  result  will  pay  for  the  worry  and 
trouble  involved. 

In  this  connection  the  investigations  of  Chevreul  are  of  interest. 
His  experiments  were  made  to  discover  the  best  harmonies  of  color, 
and  the  best  applications  of  color  in  industrial  art.  He  depended 
upon  his  own  color-sense  and  upon  that  of  trained  assistants,  and 
for  twenty-five  years  made  the  most  elaborate  and  careful  experiments 
to  discover  the  action  of  colors  upon  one  another. 

The  theories  presented  by  Chevreul  are  based  upon  the  pigment 
theory  of  color,  and  we  find  that  even  the  patient  study  and  trained 
observation  of  Chevreul  and  his  assistants  were  insufficient  to  relieve 
the  judgment  from  the  dictates  of  this  theory.  He  failed  to  see  that 
the  mixture  of  blue  and  yellow,  obtained  by  viewing  at  a  distance 
narrow  stripes  or  threads  of  these  colors,  gives  gray,  and  not  green, 
and  that  when  colors  are  mixed  in  this  way,  the  result  is  different 
from  the  mixture  of  pigments.  X^at  Chevreul,  who  made  this  study 
his  business  for  twenty-five  years,  failed  to  discover  this,  shows  how 
strongly  theories  affect  even  the  most  patient  and  honest  perception. 

In  the  practical  use  and  application  of  colors,  industrially  and 
otherwise,  a  standard  of  names  will  be  of  great  assistance ;  but  edu- 
cationally and  aesthetically  the  name  of  the  color  is  of  no  moment. 
The  beauty  of  a  landscape  is  in  no  wise  affected,  whether  the  name 
of  the  blue  sky  is  blue  or  yellow.  The  perception  of  color  is  the  im- 
portant thing.  The  names  of  colors  are  of  so  little  consequence  that 
many  artists  have  no  idea  of  the  popular  nomenclature,  and  when  it 
comes  to  the  practical  mixing  of  the  colors  to  give  an  effect,  an 
artist  of  experience  will  rarely  be  able  to  name  his  combinations. 

Nature  in  all  directions  works  by  law,  and  these  laws  are  being 
discovered  all  the  time.     It  would  be  absurd  to  state  that  there  is  no 
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science  of  color,  and  that  the  laws  of  harmony,  contrast,  etc.^  cannot 
be  written.  Without  doubt,  in  process  of  time,  evolution  will  make 
man  a  more  perfect  master  of  matter  than  he  now  is,  and  cognizant 
of  much  that  is  now  mystery.  Theories  of  all  subjects  have  changed 
and  are  constantly  changing.  New  facts  of  discovery  often  prove 
accepted  theories  untenable  as  soon  as  they  have  come  to  be  gen- 
erally accepted.  In  this  matter  of  color,  it  seems  unwise  to  spend 
energy  upon  the  search  for  theory  before  ability  to  see  color  is 
acquired.  Theories  are  generally  the  outgrowth  of  facts  observed ; 
and  in  color,  as  in  other  lines  of  investigation,  it  will  not  be  unlikely 
that,  after  the  color  sense  has  been  so  educated  that  true  color  per- 
ception is  the  usual  instead  of  the  unusual  thing,  the  capacity  to 
see  color  will  enable  a  choice  to  be  made  of  the  best  standards 
and  of  a  satisfactory  theory  of  color. 

At  present  teachers  are  spending  time  in  the  search  for  stand- 
ards and  for  working  theories  of  color.  If  instead  of  trying  to  do 
what  is  of  the  least  practical  value,  the  attempt  should  be  made  to 
give  pupils  the  ability  to  see  the  actual  colors,  and  then,  beyond 
these,  the  apparent  colors,  or  the  changes  effected  in  the  actual  color 
by  transmitted  and  reflected  lights,  we  believe  that  the  color  sense 
would  be  so  developed  that  the  average  man  would  become  able  to 
enjoy  the  poetry  of  Nature,  —  to  which  he  is  now  blind  because  he 
has  never  discovered  that  he  does  not  see  the  local  color  facts  which 
he  knows  about  objects. 

It  is  urged  that,  as  new  truths  are  daily  being  discovered  by  men 
who  have  not  hitherto  been  regarded  as  learned,  it  is  not  impossible 
that  we  may  yet  see  Newtons  and  Edisons  in  art,  who  will  be  able 
to  make  the  public  appreciate  the  great  mysteries  of  the  beautiful. 
This  is  a  popular  idea  regarding  not  only  art  but  other  subjects ; 
but  those  who  argue  thus  seem  to  forget  that  color  perception, 
as  well  as  all  that  is  valuable  to  the  higher  nature  of  man,  must 
come  from  within,  and  cannot  be  bought  or  even  accepted  as  a  gift. 
Nature's  laws  cannot  be  circumvented,  and  these  laws  prescribe  that 
all  which  is  of  value  is  the  result  of  gradual  growth.  An  Edison  in 
science  discovers  a  principle  whose  action  is  shown  by  the  machine 
which  produces  results  that  can  be  appreciated  by  all ;  the  results 
are  visible  as  force  or  matter  which  all  can  see,  even  without  knowl- 
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edge  of  the  scientific  principles  governing  these  results.  An  Edison 
in  art  produces  work  which  is  fully  appreciated  only  by  those  who 
are  nearly,  if  not  quite,  his  equals  in  ability  to  feel  if  not  to  execute. 
The  public  has  always  derided  the  efforts  of  artistic  genius,  which  is 
not  strange,  since  in  the  nature  of  things  it  is  impossible  for  all  men 
to  be  created,  or  to  become,  equal  in  capacity. 

It  is  said  that  the  laws  of  music  have  been  formulated  after  con- 
tinued effort,  and  that  in  art  similar  results  may  be  obtained.  It  is 
admitted  that  the  theories  of  music  were  not  discovered  for  ages  after 
the  music  was  produced,  the  study  of  which  evolved  the  theories  :  yet 
at  the  present  time,  with  almost  no  light  on  the  subject  of  color,  many 
are  expending  their  energy  in  the  search  for  theory.  With  color  the 
matter  is  far  more  difficult  than  with  music,  for  good  music  —  the  best 
music  —  is  heard  by  a  large  part  of  the  public  from  childhood,  while 
in  painting,  the  popular  art  is  the  bad  art.  If  the  best  music  was 
for  so  long  in  advance  of  understood  laws,  how  imperfectly  the  color 
theories  now  formulated  must  accord  with  the  best  art ! 

Chemistry  is  cited  to  show  that  what  has  been  regarded  as  mys- 
terious may  be  reduced  to  a  science.  But  chemistry  deals  with 
atoms  and  the  material  elements ;  art  deals  with  the  soul,  the 
spiritual,  and  must  not  be  confused  with  the  canvas  and  the  paint 
upon  it.  It  is  as  much  more  difficult  to  analyze  as  the  soul  is  more 
subtile  than  the  body. 

Instead  then  of  disputing  as  to  whether  the  spectrum  shall  give 
the  accepted  standards  of  color,  or  whether  the  standards  shall  be 
selected  or  designed  by  the  artist,  teachers  will  do  well  to  use  the 
spectrum  or  any  examples  of  color  simply  for  study  of  the  colors 
which  they  furnish.  There  is  little  difficulty  in  naming  the  colors  in 
a  broad  way  so  that  they  shall  be  generally  recognized  and  accepted 
as  red,  blue,  yellow,  violet,  green,  etc.  At  present  there  is  no  possi- 
bility of  doing  more  than  this,  or  of  exactly  defining  the  com- 
binations which  are  complementary,  harmonious,  etc. 

In  "The  Student's  Text-Book  of  Color"  Mr.  Ogden  M.  Rood 
says :  "  In  the  first  place  we  have  no  pigments  with  which  we  can  at 
all  properly  represent  the  colors  of  the  spectrum,  even  when  their 
luminosity  is  quite  moderate ;  our  best  pigments  all  reflect  more  or 
less  white  light  mixed  with  their  colored  light.     If  with  their  aid  we 


COLOR   STANDARDS.  7 

undertook  to  construct  a  color  chart,  we  should  not  only  be  obliged 
to  descend  in  the  cone  a  good  distance  towards  its  black  apex,  but 
besides  this,  our  chart  would  be  smaller  than  the  section  of  the  cone 
at  that  point,  owing  to  the  presence  of  the  foreign  white  light  re- 
flected by  the  pigments.  It  would  be  next  to  impossible  to  prepare 
pigments  of  different  colors  suitable  even  for  the  production  of  a 
single  chart  of  the  series,  for  it  would  be  necessary  that  they  should 
be  right  in  the  matter  of  hue,  luminosity,  and  greater  or  less  freedom 
from  white  light."  Again,  speaking  of  the  color  chart  of  Chevreul, 
he  says,  "  The  ideas  upon  which  this  chart  is  based  are  not  only 
in  the  main  arbitrary,  but  also  vague,  and  the  execution  of  the  sam- 
ple examined  by  the  author  left  much  to  be  desired.  We  cannot  re- 
gard this  color  chart  as  a  true  step  toward  a  philosophical  classifica- 
tion of  colors,  but  rather  as  a  more  elaborate  repetition  of  the  work 
of  Mayer,  Lambert,  and  Runge.  In  point  of  fact,  our  knowledge  of 
color  and  our  means  of  experimenting  on  it  are  not  at  present  suffi- 
ciently advanced  to  enable  us  even  to  propose  a  plan  for  a  truly 
philosophical  classification,  and  between  the  proposal  and  its  execu- 
tion there  would  be  many  weary  steps." 

To  appreciate  fully  the  above,  it  will  be  necessary  to  read 
Mr.  Rood's  book,  which  is  a  clear  and  interesting  presentation  of  the 
light  theory  of  color ;  some  idea,  however,  of  the  difficulties  involved 
in  the  selection  of  standards  of  color  will  be  gained  when  it  is  stated 
that  the  spectrum  contains  at  least  i,ooo  distinguishable  tones 
which  may  be  made  100,000  by  slight  variations  in  the  power  of  the 
light  producing  them,  up  to  a  brightness  five  times  as  great  as 
at  first.  A  diminution  in  the  luminosity  of  the  light  will  produce 
corresponding  variations  in  the  tones,  and  if  these  tones  of  colors  be 
changed  by  varying  admixtures  of  white  light,  the  number  of  distin- 
guishable tones  will  be  carried  into  the  millions. 

In  addition  to  the  almost  infinite  range  of  colors  is  the  difficulty 
that  colors  which,  under  a  given  illumination,  have  a  certain  relation 
to  each  other  (as  for  instance  equal  degrees  of  luminosity),  under 
another  illumination  have  entirely  different  relations ;  but  this 
matter  of  the  change  of  colors  will  be  considered  by  itself,  as  we 
think  it  has  been  sufficiently  shown  that  perception  of  color  and 
not  color  science  should  be  the  first  aim  of  the  teacher. 
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Art  and  science  have  such  entirely  different  foundations  that 
comparisons  of  methods  are  harmful  to  both.  Art  has,  however,  a 
scientific  side ;  thus  the  facts  of  form  and  the  perspective  appear- 
ance of  form  belong  to  the  domain  of  science.  They  are  absolute 
and  very  different  from  color  appearances.  Study  of  local  color  is 
as  necessary  and  valuable  as  study  of  actual  form,  and  may  foster 
artistic  color  genius,  as  much  as  study  of  the  facts  of  form  assists  in 
their  perspective  representation.  What  we  object  to  is  the  idea  that 
the  study  of  rules  will  produce  art  when  its  germ  is  not  already  in 
the  soul ;  to  the  study  of  color  facts  only  instead  of  the  study  of  color 
appearances,  and  the  attempt  to  teach  rules  and  theories  before 
any  power  to  see  color  has  been  cultivated. 


CHAPTER   II. 


COLOR    APPEARANCES. 


The  local  color  of  an  object  is  rarely  the  color  which  the  eye 
sees.  This  point  is  so  important  that  special  consideration  is  given 
to  it. 

The  amount  of  white  light  which  is  reflected  directly  from  any 
surface  depends  entirely  upon  the  nature  of  the  surface.  When  the 
surface  is  smooth  or  polished,  as  that  of  water  and  many  mineral 
substances,  a  large  part  of  the  light  is  reflected  directly.  The 
polished  surface  of  a  perfect  silver  mirror  reflects  92%  of  the  light 
which  falls  upon  it.  The  light  which  is  reflected  from  the  surface  of 
a  mirror  is  simply  changed  in  direction,  and  a  perfect  image  or 
picture  of  the  object  which  reflects  the  light  is  produced,  the  surface 
of  the  mirror  not  being  visible.  If  the  surface  of  the  mirror  is 
warped  or  slightly  defaced,  the  light  is  reflected  irregularly,  and  the 
image  of  the  object  is  correspondingly  warped.  If  a  reflecting  sur- 
face is  not  perfectly  polished,  it  becomes  visible,  and  the  image  of 
the  object  reflected  is  dimmed  and  broken,  for  the  rays  which  strike 
the  roughened  parts  of  the  surface  are  not  reflected  so  fully  as  the 
others ;  besides  this,  the  reflected  rays  are  reflected  in  different 
directions  and  not  so  that  the  angle  of  incidence  is  equal  to  the  angle 
of  reflection.  The  rougher  any  surface  is,  the  less  light  it  reflects 
and  the  more  irregularly  it  reflects  it. 

The  rays  of  light  which  strike  the  surface  of  any  object  are 
divided,  part  of  the  rays  being  reflected  directly  from  the  surface. 
Every  object,  no  matter  what  its  actual  color,  thus  reflects  a  certain 
amount  of  white  light.  A  perfectly  black  object  reflects  part  of  the 
light  which  falls  upon  it ;  therefore  there  is  a  light  side  and  a  shadow 
side  to  even  the  darkest  object. 

The  rays  which  are  not  reflected  directly  from  the  surface  of  the 
object  enter  the  object  to  a  distance  which  depends  upon  the  nature 
of  the  object,  and  are  then  affected  by  the  color  of  the  object  so  that 
when  they  are  turned  back  and  reflected  in  all  directions  from  the 
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surface  of  the  object,  they  are  colored.  Every  object  not  white  or 
black  reflects  these  two  kinds  of  light :  a  colored  light  which  is 
reflected  in  all  directions,  and  white  light  which  is  reflected  from 
the  surface  of  the  object  more  or  less  regularly,  according  to  the 
nature  of  the  surface. 

The  rays  are  reflected  regularly  from  polished  surfaces,  and 
irregularly  from  those  not  polished ;  hence  a  very  slight  change  in 
position  will  entirely  change  the  appearance  of  the  polished  object ; 
but  as  the  rays  are  reflected  from  the  rough  surface  in  all  directions, 
its  appearance  will  be  much  less  varied  by  changes  in  the  position  of 
the  observer. 

Every  object  reflects  not  only  white  light  or  sunlight,  but  also 
the  colored  light  which  is  sent  out  from  any  object  situated  near 
it.  This  colored  light  will  be  acted  upon  by  the  object  just 
as  is  white  light :  part  will  enter  the  surface,  and  part  will  be 
reflected  directly  and  unchanged  in  color  from  the  surface.  This 
colored  reflected  light  will  mingle  with  the  other  rays  sent  out  by 
the  object,  and  color  them  to  an  extent  which  depends  upon  their 
strength  and  upon  the  polish  of  the  surface  reflecting  them. 

As  every  object  reflects  some  of  the  light  which  falls  upon  it 
from  every  other  object,  it  follows  that  we  can  see  the  local  color  of  an 
object  only  when  it  is  situated  so  that  it  does  not  receive  the  colored 
rays  sent  out  by  other  objects.  Theoretically  this  is  impossible,  but 
practically,  when  an  object  is  near  the  eye  and  far  from  other 
objects,  and  when  the  surface  is  not  very  smooth,  the  colored  rays 
which  it  will  reflect  will  be  so  few  that  they  will  not  perceptibly 
influence  the  appearance  ;  hence  we  may  speak  of  the  local  color  of  an 
object,  and  practically  often  see  it  in  objects  that  are  near. 

The  influence  of  these  reflected  and  colored  lights  has  rarely 
been  rightly  estimated  by  art  students.  The  reflected  colors  in 
Nature  are  often  stronger  than  the  local  colors,  even  when  the  object 
is  near.  Thus  a  polished  cherry  chair  of  a  strong  red  color  reflects 
so  much  of  the  light  of  the  sky  as  to  appear  blue  in  places,  and  any 
color  may  in  the  same  manner  be  entirely  lost  in  the  stronger  color 
reflected  from  some  other  object  or  light. 

It  is  not  necessary  that  the  object  or  color  reflected  be  near  the 
object.     If  the  light  sent  from  it  is  strong,  and  the  reflecting  surface 
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is  polished,  the  local  color  of  the  object  will  not  be  seen.  The  most 
frequent  powerful  change  of  color  by  reflection  alone,  occurs  in  those 
parts  of  the  object  which  reflect  light  most  directly  to  the  eyes,  and 
more  particularly  in  those  upon  objects  which  are  smooth  enough 
to  glisten. 

In  Nature,  leaves,  grasses,  etc.,  reflect  so  much  light  to  the  eye 
that  the  local  color  is  rarely  seen.  It  has  been  previously  shown 
that  the  shadows  cast  upon  yellow  sand  appear  blue.  Part  of  this 
effect  is  due  to  the  yellow  of  the  sand,  which  adds  its  complementary 
blue  to  the  shadow ;  but  this  is  only  part  of  the  cause,  for,  the  direct 
rays  of  the  sun  being  cut  off,  the  sand  can  reflect  only  the  indirect 
rays,  and  these  must  come  largely  from  the  blue  of  the  sky.  The 
bright  green  leaf  often  reflects  so  many  of  these  rays  from  the  sky 
as  to  appear  a  decided  blue,  and  this  blue  will  be  seen  on  every  sur- 
face which  is  at  such  an  angle  as  to  reflect  to  the  eye  the  rays  which 
come  from  the  blue  parts  of  the  sky. 

Surfaces  which  are  less  glossy  than  leaves  reflect  less  of  the 
colored  light ;  but  all  surfaces  reflect  enough  to  largely  modify  the 
light  due  to  the  local  color. 

The  surface  of  water  reflects  as  much  light  as  a  mirror  when  the 
angle  at  which  the  light  strikes  the  surface  is  very  small.  This,  in 
connection  with  the  fact  that  the  light  from  directly  overhead  is 
a  much  more  intense  color  than  that  from  near  the  horizon,  accounts 
for  the  fact  that  the  surface  of  water  near  an  observer  is  so  much 
darker  than  that  in  the  distance.  The  art  student  who  has  not  dis- 
covered that  the  colors  he  sees  in  Nature  are  transient  and  not  local 
colors,  has  great  difficulty  in  seeing  the  color  of  water  when  it  does 
not  reflect  a  clear  blue  sky ;  and  until  his  eyes  are  trained  to  see 
color,  he  is  obliged  to  look  at  the  objects  or  colors  which  reflect  in 
the  water  before  he  can  recognize  the  colors  of  the  reflections. 

Perfectly  clear  water  reflects  the  colors  near  it  unchanged,  except 
for  a  slight  loss  in  brilliancy ;  muddy  water  changes  the  color  of  the 
reflections  ;  therefore  in  Nature  the  colors  which  water  may  appear  to 
have  are  infinite,  and  their  study  is  the  best  training  in  color  perception. 

The  color  of  the  lightest  part  of  any  smooth  object  is  a  reflec- 
tion of  the  color  of  the  source  of  the  light.  Thus  a  red  polished 
chair,  whether  outdoors  or  indoors,  situated  so  as  to  reflect  the  blue 
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light  of  the  sky  into  the  eyes,  will  appear  blue  in  parts.  It  will 
appear  gray  when  it  reflects  an  overcast  sky,  yellow  or  orange  when 
it  reflects  into  the  eyes  the  rays  from  the  setting  sun,  or  the  sky 
about  the  sun ;  and  silver  or  whitish  when  it  reflects  directly  into 
the  eyes  the  rays  of  the  sun  at  midday. 

The  color  of  the  lights  —  the  lightest  parts  —  of  any  object  is  thus 
changing  with  the  color  of  the  strongest  illuminating  light,  and  may 
entirely  hide  the  local  color  of  the  object.  The  parts  of  any  object 
which  reflect  light  less  directly  to  the  eyes  will  be  less  affected  by 
the  change  in  the  color  of  the  light. 

When  an  object  is  not  polished,  its  color  is  of  course  much  less 
changed  by  the  color  of  the  illuminating  light ;  but  all  objects  owe 
their  color  directly  to  this  light,  and  any  change  in  its  color  is  at 
once  apparent  in  the  change  of  the  color  of  the  objects  seen.  A 
yellow  day  and  the  sunset  effects  are  the  most  prominent  and  easily 
appreciated  illustrations. 

Reference  to  these  common  effects  of  Nature,  which  are  strong 
enough  to  be  seen  by  all  who  are  not  wholly  color-blind,  will  assist 
to  an  understanding  of  how,  under  normal  light,  sunshine,  or  gray 
day,  all  objects  act  upon  each  other,  and  reflect  some  of  the  colored 
light  which  they  receive  from  each  other.  The  simplest  experiment 
to  prove  this  fact  will  be  the  placing  of  a  flat  sheet  of  plain  colored 
paper  and  an  unframed  piece  of  mirror  of  the  same  size  together,  at 
an  angle  of  about  90  degrees,  so  that  the  mirror  and  the  paper 
may  be  seen  at  the  same  time.  At  a  distance  of  a  few  feet  it  will 
be  found  impossible  to  say  which  is  the  paper  and  which  the  mirror. 
If  instead  of  the  mirror  a  sheet  of  plain  white  paper  be  placed  against 
the  colored  sheet,  it  will  appear  tinged  with  the  color  of  the  colored 
paper,  the  color  being  strongest  near  the  line  of  meeting.  The 
sheet  of  white  paper  should  be  considerably  higher  than  the  colored, 
in  order  that  the  white  paper  may  be  seen  above  the  part  which  is 
tinted  by  reflection.  If  different  colored  sheets  are  held  against  the 
white,  and  if  the  light  is  strong  and  strikes  full  upon  the  colored 
papers,  there  will  be  little  difficulty  in  seeing  the  effect  which  the 
colors  produce  upon  the  white  paper. 

If,  instead  of  white  paper  and  colored  paper,  two  sheets  of  col- 
ored paper  be  used,  the  change  in  the  color  of  each,  due  to  the 
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colored  light  reflected  from  the  other,  will  be  less  apparent  to  those 
whose  eyes  are  not  sensitive  to  color ;  but  all  will  understand  that 
the  color  which  was  reflected  from  the  white  paper  must  have  its 
effect  upon  the  colored  paper. 

The  effect  of  reflected  light  upon  the  local  colors  of  objects  has 
been  shown  to  be  very  powerful.  The  action  of  such  light  upon  the 
shadow  side  of  objects  is  not  less  powerful.  In  fact,  the  shadow  side, 
since  it  reflects  less  light  than  the  light  side,  must  be  more  changed 
by  light  reflected  from  any  colored  object  than  the  light  side  when 
it  reflects  the  same  amount  of  colored  light.  An  orange  or  other 
bright  object  will  reflect  in  a  surface  which  is  unpolished  strongly 
enough  to  entirely  change  the  color  of  the  surface,  and  when  the 
surface  is  polished  it  gives  a  reflection  of  the  form  of  the  object  with 
most  of  the  color. 

The  change  in  color  due  to  the  reflection  of  a  bright  object  in 
one  which  is  smooth,  or  the  reflection  of  any  color  in  an  object  which 
is  polished  may  be  as  great  as  the  change  in  color  due  to  the  illumi- 
nating light  being  reflected  directly  into  the  eyes  by  polished  surfaces. 

Color  is  due  to  light,  and  it  is  evident  that  a  change  in  the 
strength  of  the  light  must  change  the  effect  of  colors.  Strengthening 
the  light  thrown  upon  colors  lightens  them.  Decreasing  the  light 
causes  colors  to  appear  darker,  and  the  changes  which  may  thus  be 
effected  are  infinite  in  range  and  variety. 

With  uniform  light,  changes  similar  to  those  produced  by  de- 
creasing the  light  are  found  when  the  surfaces  are  so  situated  as  to 
reflect  unequal  amounts  of  light  to  the  eyes.  In  Nature  this  is  the 
rule,  and  objects  are  seen  through  the  light  and  shade  and  color 
effects  thus  produced. 

The  sphere  has  a  surface  which  passes  gradually  from  the  point 
upon  the  surface  which  reflects  light  directly  into  the  eyes,  to  the 
line  upon  the  surface  from  which  no  direct  light  is  reflected  to  the 
eyes ;  thus  the  white  sphere  gives  a  large  number  of  tones,  from 
the  highest  light  to  the  deepest  shade  ;  and  we  see  at  once  that  a 
white  surface  may  present  many  different  appearances.  In  the  same 
way  a  colored  sphere  will  present  many  different  tones  of  color,  from 
the  lightest  tint  of  the  color  to  the  darkest  shade.  The  appearance 
of  any  color  depends,  therefore,  upon  the  amount  of  light  which  it 
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receives.  In  the  sphere  the  transition  from  light  to  dark  is  gradual ; 
but  if  a  cube  be  exposed  to  light  its  various  surfaces  will  reflect 
the  light  unequally,  and  one  at  least  of  the  visible  surfaces  will 
often  receive  no  direct  rays  ;  in  this  case  the  separation  between  the 
^surfaces  will  be  sharply  marked,  and  their  difference  in  color  (value) 
will  be  great. 

The  change  in  color  caused  by  shadow  and  contrast  is  often 
so  great  as  to  cause  the  color  to  appear  some  other  color.  All 
colors  may  be  so  changed  by  strong  shadow  or  cast  shadow  as  to 
be  unrecognized  when  the  light  surfaces  which  show  the  local  color 
are  not  visible.  This  change  is  due  to  the  absence  of  direct  light, 
to  the  effect  of  contrast,  which  makes  the  strong  color  visible  in  the 
light  surfaces  add  its  complementary  color  to  the  shadow  side,  and 
also  to  the  action  of  colored  light  reflected  from  other  bodies.  The 
strongest  of  these  causes  predominates  to  change  the  appearance 
of  the  color  as  it  would  appear  if  influenced  simply  by  loss  of 
light. 

The  changes  of  color  due  to  colored  lights  reflected  from  other 
bodies  have  been  shown.  Changes  of  color  are  also  produced  by 
light  transmitted  upon  any  body  through  any  substance  which  colors 
the  light.  The  strongest  effects  of  this  nature  are  given  by  stained 
glass,  but  many  substances  allow  a  small  amount  of  colored  light  to 
pass  through  them,  and  this  affects  the  color  of  objects  upon  which 
Mt  falls.  The  most  common  and  beautiful  effects  of  this  nature  are 
those  of  sunrise  and  sunset.  At  these  hours  the  rays  of  the  sun  pass 
horizontally  through  the  air  surrounding  the  earth,  and  thus  they 
traverse  many  more  miles  of  air  than  at  other  hours  of  the  day.  The 
differently  colored  rays  are  refracted  unequally.  The  red  and  orange 
rays  are  bent  more  than  the  other  rays  by  the  particles  in  the  air. 
Thus,  the  atmosphere  is  a  medium  which  transmits  colored  light, 
which  causes  all  that  it  strikes  upon  to  appear  orange  and  gold,  and 
makes  the  shadows  and  cast  shadows  appear,  by  contrast  and  reflec- 
tion, violet  and  purple. 

Changes  due  to  different  causes  acting  upon  objects  near  the 
spectator  have  been  shown  to  be  powerful ;  but  the  changes  due  to 
atmosphere  are  more  frequent,  if  not  generally  stronger.  The 
changes  in  local  color  due  to  rich  sunset  effects  are  seen  by  nearly 
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all,  but  very  few  realize  that  the  changes  are  as  great  in  a  more 
delicate  key,  whether  due  to  sunlight  or  gray  day  effects.  The  par- 
ticles of  smoke,  dust,  or  vapor  which  the  air  contains  always  reflect 
colored  light  to  the  eyes.  This  colored  light  mingles  with  the  light 
sent  from  distant  objects,  and  thus  their  colors  are  changed ;  the 
more  numerous  the  particles  in  the  air,  the  greater  are  the  changes.   \ 

Substances  which  are  translucent  are  very  greatly  changed  in 
color  when  they  are  placed  so  that  the  light  passes  through  them 
in  coming  to  the  eyes.  Thus,  leaves  which  appear  a  weak  green 
seem  the  most  brilliant  green  or  yellow  when  they  are  between  the 
sun  and  the  eyes.  A  sheet  of  gold  leaf,  when  held  between  the  light 
and  the  eyes,  allows  enough  light  to  pass  through  it  to  cause  its 
color  to  appear  a  bluish  green ;  and  changes  of  this  nature  in  many 
objects  are  very  frequent  and  powerful. 

Another  change  of  color  of  frequent  occurrence  is  due  to  the 
fact  that  when  small  bits  of  different  colors  are  seen  from  a  distance, 
they  lose  their  different  forms  and  colors,  and  blend  together  to 
form  a  color  effect  which  depends  upon  the  nature  of  the  colors  thus 
blended. 

Small  bits  of  color  in  Nature  are  thus  continually  being  blurred 
into  different  and  richer  colors,  for  the  blending  of  the  rays  sent  out 
by  the  different  colors  gives  a  true  light  mixture.  In  Nature  these 
effects  are  produced  under  the  action  of  a  light  many  times  more 
powerful  than  the  light  by  which  pictures  are  seen.  The  different 
spots  of  color  in  pictures  send  lights  to  the  eye  which  blend  in  just  the 
same  way  as  do  the  lights  from  the  different  bits  in  Nature ;  but  the 
light  under  which  the  picture  is  seen  is  generally  so  much  weaker 
than  that  under  which  outdoor  objects  are  seen  that,  if  the  actual 
colors  of  Nature  are  represented,  they  will  in  the  feeble  light  fall 
far  short  of  the  effects  observed  in  Nature. 

The  attempt  of  the  present  school  of  impressionists  is  to  correct 
this  appearance  by  using  colors  which  are  light  enough,  and  which 
act  upon  each  other  by  contrast  powerfully  enough  to  give  the  de- 
sired effect  in  the  subdued  lights  in  which  they  are  to  be  seen. 

Another  change  is  produced  by  the  action  of  two  or  more 
lights  of  different  colors.  Thus  an  object  may  receive  outdoor  light 
and  lamplight  at  the  same  time.     The  effects  of  contrast  due  to  such 
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illumination  are  very  strong,  and  the  local  color  of  the  object  will  be 
greatly  changed,  if  not  entirely  lost. 

Different  colors  are  affected  differently  by  a  change  in  the 
strength  of  the  light.  The  warm  colors  grow  dark  much  more  rapidly 
when  the  light  diminishes  than  do  the  cold  colors ;  hence  the  appear- 
ance and  relations  of  colors  may  be  completely  changed  in  this  way. 

Other  changes  of  color  are  due  to  the  fact  that  some  substances 
have  the  power  of  changing  the  wave  lengths  so  that  light  of  a  cer- 
tain color  falling  on  these  substances  will  be  reflected  of  an  entirely 
different  color. 

From  what  has  been  said  it  will  be  seen  that  the  actual  or  local 
color  of  an  object  is  very  seldom  seen,  and  we  may  question  if  there 
is  such  a  thing  as  color  which  is  absolute  and  capable  of  measure- 
ment. For  the  artist's  purposes  local  color  is  a  fact,  although  a 
fact  which  does  more  harm  than  good,  since  he  sees  the  local  color 
so  seldom  that  if  it  did  not  exist,  and  if  all  colors  were  changeable 
like  the  colors  of  a  chameleon,  he  would  be  much  better  off  ;  for  then 
he  would  not  think  of  any  color  or  expect  to  see  it,  and  he  would 
see  the  actual  appearance  of  the  color  instead  of  the  color  as  he 
knows  it,  or  as  he  thinks  he  ought  to  see  it. 

One  of  the  highest  pleasures  to  be  derived  from  observation  of 
Nature  is  due  to  color  sense,  trained  to  see  the  infinite  variety  and 
gradations  of  the  beautiful  colors  which  she  presents.  Any  outdoor 
subject  is  always  interesting  through  its  different  color  effects.  Its 
form  and  light  and  shade  effects  are  varied  with  the  hour  of  the  day, 
and  with  every  change  in  position  of  the  observer ;  but  the  color  is 
changed  to  a  greater  extent,  for,  without  any  change  in  position  of 
the  observer,  the  sun,  the  source  of  light  and  color,  and  the  atmos- 
phere combine  to  give  a  never-ending  succession  of  effects,  which 
speak  of  the  beauty  of  the  earth  and  the  grandeur  of  the  universe  of 
which  it  is  an  atom. 

At  midday,  when  the  sun  is  shining  brightly,  we  find  clear  and 
intense  the  blue  of  the  sky,  stronger  the  blue  of  the  water,  and  bright 
and  strong  the  colors  of  sand  and  marsh  and  forest.  These  colors  do 
not  give  the  highest  delight  to  the  most  sensitive,  who  are  more  pleased 
by  the  soft  colors  of  morning  and  evening,  by  the  mysterious  grays, 
and  by  tints  which  veil  the  actual  colors  of  all  things.     The  best  opin- 
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ion  is  agreed  upon  this  point ;  and  also  upon  the  fact  that  these  beau- 
ties are  lost  to  the  majority,  who  always  see  through  Nature's  beauti- 
ful veils  the  actual  colors  which  they  know  exist  in  what  is  observed, 
and  who,  if  they  fail  to  recognize  the  object  for  any  reason,  are  entirely 
at  a  loss  as  to  what  the  color  effect  of  the  object  is.  From  Nature 
such  people  draw  only  facts  ;  all  her  beauty,  her  poetry,  her  mystery, 
are  to  them  as  if  they  did  not  exist. 

In  his  Ten  O' Clock  Mr.  Whistler  says  :  "  The  dignity  of  the  snow- 
capped mountains  is  lost  in  distinctness,  but  the  joy  of  the  tourist  is 
to  recognize  the  traveller  on  the  top.  The  desire  to  see  for  the  sake 
of  seeing  is  with  the  mass  alone  the  one  to  be  gratified,  hence  the 
delight  in  detail.  And  when  the  evening  mist  clothes  the  riverside 
with  poetry,  as  with  a  veil,  and  the  poor  buildings  lose  themselves  in 
the  dim  sky,  and  the  tall  chimneys  become  campanili,  and  the  ware- 
houses are  palaces  in  the  night,  and  the  whole  city  hangs  in  the 
heavens,  and  fairy-land  is  before  us  —  then  the  wayfarer  hastens 
home ;  the  workingman  and  the  cultured  one,  the  wise  man  and  the 
one  of  pleasure,  cease  to  understand,  as  they  have  ceased  to  see,  and 
Nature,  who  for  once  has  sung  in  tune,  sings  her  exquisite  song  to 
the  artist  alone,  her  son  and  her  master  —  her  son  in  that  he  loves 
her,  her  master  in  that  he  knows  her." 

That  these  delicate  colors,  which  will  be  readily  accepted  by  all 
as  subjective  colors,  constitute  the  most  refined  harmony,  is  the  be- 
lief of  our  painters.  That  these  colors  are  difficult  to  see  is  shown 
by  the  present  art  impulse  called  impressionism,  which  was  antici- 
pated by  Turner  years  ago.  Turner  was  crazy  or  became  color- 
blind, so  it  is  said ;  yet  his  paintings  are  now  admitted  to  be  the  first 
of  the  school  which  illustrates  the  fact  that  Nature  is  colored,  and 
that  color  cannot  be  represented  by  bitumen  and  other  browns. 
This  point,  which  is  now  realized  quite  generally  for  the  first  time  by 
painters,  leads  us  to  expect  that  in  time  the  public  will  learn  to  see 
color,  and  that  in  artistic  work  it  will  be  at  least  as  important  as  any 
other  quality,  and  probably  more  important  than  some. 

This  step  will  be  hastened  by  the  study  of  color  in  the  school- 
room, for  good  taste  in  art  is  rare  and  very  difficult  to  cultivate.  It 
is  largely  a  matter  of  growth  under  the  influence  of  those  who  are 
most  refined  and  susceptible  to  the  beautiful. 
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The  child  who  is  surrounded  by  crude  and  gaudy  colors  must  be 
educated  to  a  low  standard  of  the  beautiful.  The  same  child  sur- 
rounded by  beautiful  colors  in  good  harmony,  will  often  become 
refined  in  taste.  It  is  natural  that  the  bright  colors  should  attract 
the  young  child,  who,  if  not  brought  to  study  and  perceive  more  del- 
icate colors,  will  very  likely  never  become  able  to  see  them.  The 
color  sense  is  like  any  other  power,  which,  if  not  exercised,  is  lost, 
and  which  can  never  be  fully  possessed  without  special  training  and 
effort. 

The  difficulty  of  obtaining  harmony,  in  the  primaries  leads  some 
to  believe  that  this  harmony  is  most  desirable,  and  that  the  study  of 
the  primaries  should  be  continued  for  a  long  time.  It  is  true  that 
the  richest  color  effect  is  obtained  by  the  blending  of  bright  colors 
by  distance,  as  they  are  blended  in  Nature,  and  by  the  art  of  the 
most  modern  painters ;  but  the  number  of  colors  studied  should  be 
increased  as  rapidly  as  possible,  and  harmony  in  the  primary  colors 
should  not  be  attempted  in  the  lower  grades. 

The  historic  ornament  executed  in  primary  and  bright  colors 
must  frequently  have  produced  the  effects  obtained  by  modern  paint- 
ing through  the  juxtaposition  of  color,  the  individual  spots  of  color 
being  lost  in  the  rich  color-effect  produced  by  blending  through  dis- 
tance. Teachers,  however,  who  are  introducing  these  colors  for 
designs  not  intended  to  be  seen  as  was  the  original  ornament,  are 
losing  sight  of  the  important  principle  that  good  design  should  be 
fitted  to  its  place  and  purpose,  and  that  when  transplanted  without 
regard  to  this  principle  it  may  be  good  no  longer.  The  pupils  of  the 
public  schools  must  begin  with  bright  colors ;  but  this  is  not  a  good 
reason  for  withholding  study  of  the  tints,  shades,  and  hues  of  color, 
which  must  train  the  eye  to  see  the  delicate  color  effects  that  Nature 
presents. 

The  study  of  colors  affected  by  transmitted  and  reflected  light 
ought  to  be  an  important  part  of  the  training  in  the  upper  grades  of 
the  public  schools  ;  for,  unless  the  student  can  be  made  to  realize  the 
fact  that  colors  are  changed  as  described  in  the  present  chapter,  there 
is  little  chance  of  his  ever  seeing  in  Nature  more  than  the  crude  and 
positive  color  facts  which  he  knows  about  all  that  he  sees,  and  which 
are  obvious  to  the  most  uncultivated. 


CHAPTER    III. 

COLOR    THEORIES. 
Tbe  Light  Theory. 

Many  different  theories  of  light  and  color  have  been  presented. 
At  present  there  is  no  agreement  upon  the  matter,  and,  as  color 
theories  are  not  necessary  to  the  perception  of  color,  time  spent 
upon  the  study  of  theory  in  the  grammar  grades  would  be  much  bet- 
ter spent  in  almost  any  other  direction. 

Though  theories  are  not  necessary  to  color  perception,  a  brief 
study  of  the  two  most  important  theories'  will  be  interesting  to  the 
teacher,  and  a  little  practical  study  of  the  pigment  theory  of  color 
will  be  interesting  and  valuable  to  all  the  pupils. 

The  following  is  a  brief  outline  of  the  theory  as  presented  by 
Helmholtz,  von  Bezold,  and  O.  N.  Rood  in  his  Students'  Text-Book 
of  Color. 

Light  travels  in  straight  lines  by  means  of  vibrations  transverse 
to  these  lines,  which  are  called  waves.  The  lengths  of  these  waves 
vary.  The  rays  of  light  from  any  object  enter  the  eye  and  are 
focussed  on  the  retina  at  the  back  of  the  eye.  The  retina  consists 
of  sensitive  nerve  elements  which  are  acted  upon  by  the  light  waves. 
Waves  of  different  lengths  give  different  sensations  of  color.  The 
longest  rays  give  the  sensation  of  red,  the  shortest  that  of  violet,  and 
between  these  extremes  is  a  series  of  waves  of  intermediate  lengths, 
which  correspond  to  the  colors  of  the  rainbow  found  between  red 
and  violet ;  namely,  orange,  yellow,  green,  and  blue.  Other  colors 
are  given  by  a  mixture  of  waves  of  different  lengths,  and  the  sensa- 
tion of  white  is  produced  by  a  mixture  of  waves  of  all  the  different 
lengths. 

An  endless  variety  of  hues  can  be  produced  by  mixtures  of  differ- 
ent wave  lengths.     Some  colors    can  be  made  by  the  mixture  of 


20 


COLOR  STUDY. 


Others ;  colors  which  cannot  be  produced  by  mixture  are  called  the 
primary  colors,  and  from  them  all  others  may  be  produced. 

Light  of  different  colors  may  be  easiest  mixed  by  means  of  the 

simple  contrivance  shown  in  Fig.  i . 
A  represents  a  board  having  a 
dead  black  surface,  with  uprights, 
6",  in  the  centre  at  each  side,  sup- 
porting a  piece  of  clear  glass,  G. 
If  a  piece  of  yellow  paper  be  placed 
at  Y  and  a  piece  of  blue  at  B^  the 
eye  may  be  made  to  see  the  blue 
through  the  glass,  and,  at  the  same 
3  time,  the  yellow  by  reflection  from 
the  glass.  By  shifting  the  eye  or 
the  papers  the  reflection  of  Fmay 
be  made  to  cover  the  blue  piece,  when  the  color  produced  in  the 
eye  will  be  white  or  a  neutral  gray,  according  to  the  purity  of  the 
colored  papers.  By  means  of  repeated  experiments  with  other  col- 
ors, it  will  be  found  that  the  primary  colors  are  red,  green,  and 
violet;  that  is,  by  a  mixture  of  light  of  these  three  colors  all  the 
other  colors  can  be  obtained. 

By  experiments  it  will  be  found  that  mixtures  of  the  light  colors  of 
the  spectrum,  from  red  to  yellow  green,  also  mixtures  of  the  colors 
of  the  darker  end  of  the  spectrum,  from  bluish  green  to  violet,  give 
colors  resembling  those  mixed. 

If  the  primaries  are  mixed,  the  colors  resulting  do  not  resemble 
the  primaries.     Thus : 


Fig.  I. 


Red  and  green  light  produce 
Red  and  violet  light  produce 
Green  and  violet  light  produce 


orange  or  yellow. 

purple. 

blue. 


The  cause  of  these  different  color  sensations  cannot  be  found  in 
the  rays,  whose  only  difference  consists  in  the  different  lengths  of  the 
waves.  The  theory  of  Young  is  that  there  are  three  different  kinds 
of  nerve  elements  in  the  retina,  which  are  differently  affected  by  the 
waves  of  different  lengths.     The  longest  waves  act  strongly  upon  the 
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first  set  of  nerves  and  produce  the  sensation  of  red.  Waves  of 
medium  length  act  strongly  upon  the  second  set  and  cause  the  sen- 
sation of  green.  The  shortest  waves  act  strongly  upon  the  third  set 
and  cause  the  sensation  of  violet. 

Each  set  of  nerve  elements  is  acted  upon  powerfully  by  waves  of 
one  length  and  to  a  slight  extent  by  waves  of  other  lengths,  so  that 
the  waves  which  cause  the  sensation  red  produce  at  the  same  time  a 
slight  sensation  of  green  and  of  violet.  The  power  which  the  different 
waves  exert  upon  the  different  kinds  of  nerves  is  shown  by  Fig.  2, 
which  is-  by  Helmholtz. 


Nerves  sensitive  to  red 


Nerves  sensitive  to  green 


Nerves  sensitive  to  violet 


The  letters  R,  O,  Y,  etc.,  indicate  the'colors  red,  orange,  yellow, 
etc.,  and  the  curved  lines  show  the  action  of  these  colors  upon  the 
different  kinds  of  nerve  elements.  The  diagram  shows  that  the 
longest  waves  (the  red)  act  powerfully  upon  the  first  set  of  nerves, 
less  powerfully  upon  the  second,  and  slightly  upon  the  third.  The 
waves  of  medium  length  (the  green)  act  powerfully  upon  the  second 
set,  and  less  powerfully  and  about  equally  upon  the  first  and  third 
sets,  while  the  shortest  (the  violet)  act  strongly  upon  the  third  set  and 
feebly  upon  the  first  and  second.  Waves  intermediate  in  length 
between  those  producing  the  sensations  red,  green,  and  violet  act 
more  evenly  upon  the  three  kinds  of  nerve  elements.  By  exciting 
the  three  kinds  at  the  same  time  to  different  degrees,  all  the  different 
color  sensations  are  produced.  When  the  three  kinds  of  nerve  ele- 
ments are  acted  upon  equally,  white  light  is  produced. 
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Complementary  Colors. 


Any  two  colors  which  by  their  union  produce  white,  as  in  the 
case  of  blue  and  yellow,  are  called  Complementary  Colors.  Such 
colors  give  the  strongest  possible  contrasts. 

The  best  simple  means  of  combining  colors  is  by  the  use  of  Max- 
well's disks.  When  two  colors  thus  combined  give  the  effect  of  a 
perfectly  neutral  gray,  they  will  be  practically  complementary. 

The  color  disks  of  Maxwell  consist  of  circular  sheets  of  colored 
paper  which  are  cut  on  a  radius  so  that  two  or  three  may  be  placed 
together,  and  any  proportion  of  each  be  shown.  When  the  disks  are 
revolved  rapidly,  the  colors  are  blended  and  give  the  color  which  is 
the  result  of  the  light  mixture  of  the  colors  of  the  disks.  An  infinite 
number  of  tints,  hues,  and  shades  of  all  colors  can  be  obtained  by 
the  use  of  these  disks  upon  a  color  wheel,  and  the  perception  and 
identification  of  the  colors  thus  formed  give  the  best  possible  training 
for  the  pupils.  The  pupils  should  not  study  the  light  theory  of  color 
when  they  work  with  pigments,  as  it  will  only  tend  to  confuse  them. 
For  this  reason  the  cards  used  should  not  be  seen  except  when  they 
are  in  motion.  Blue  and  yellow  disks  revolving  produce  white  (gray), 
but  blue  and  yellow  pigments  give  green,  and  the  lack  of  agreement 
between  the  two  theories  will  be  very  confusing  to  pupils  who  are 
using  pigments.  Before  the  wheel  has  stopped  revolving,  a  card  or 
sheet  of  paper  may  be  placed  so  as  to  cover  the  colors  used  ;  and 
when  the  cards  are  shifted,  it  should  be  done  behind  a  screen,  or 
when  the  disks  are  turned  from  the  pupils. 

By  means  of  experiments  with  these  disks,  it  will  be  found  that  if 
two  colors,  as  green-blue  and  vermilion,  are  complementary,  the  ver- 
milion may  be  mixed  with  black  or  with  white  in  different  propor- 
tions, and  still  be  complementary  to  the  green-blue.  Thus  a  color 
may  have  many  different  complementary  colors. 

The  complementary  colors  are  as  follows :  * 

Red  and  green-blue  make      .....  white. 

Orange  and  cyan-blue  (greenish  blue)  make  .         .  white. 

Yellow  and  blue  make   ......  white. 

Green-yellow  and  violet  make         ....  white. 

Green  and  purple  make white. 

*  From  Rood's  Modern  Chromatics. 
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By  the  use  of  Maxwell's  disks,  the  following  pigment  colors  are 
found  to  be  complementary :  * 


Carmine    .... 

Blue-green. 

Vermilion 

Green-blue. 

Orange     .... 

Greenish  blue 

Yellow      .... 

Blue. 

Greenish  yellow 

French-blue. 

Greenish  yellow 

Violet. 

Green       .... 

Purple. 

The  sensation  of  white  can  be  produced  by  different  mixtures  of 
two  colored  lights,  or  by  mixtures  of  more  than  two  colors ;  thus,  the 
colored  lights  of  the  spectrum  may  be  combined  to  produce  white 
light.  The  mixtures  produce  the  same  impression  on 'the  eye,  but  in 
other  respects  they  are  unlike.  A  surface  lighted  by  red  and  green- 
blue  lights  will  come  out  black  in  a  photograph,  while  another 
lighted  by  greenish-yellow  and  violet  will  come  out  very  light.  To 
the  eye  both  surfaces  appear  white.  All  these  different  mixtures  ex- 
cite all  three  of  the  nerve  elements  equally,  and  thus  appear  white. 

According  to  this  theory,  an  eye  in  its  natural  state  never  sees 
a  pure  color ;  as  the  red,  for  instance,  of  the  spectrum,  besides  its 
action  on  the  red  nerve-fibres,  excites  slightly  the  other  two  sets  of 
nerves,  and  thus  the  sensation  of  red  is  slightly  mixed  with  violet 
and  green.  The  nerves  of  the  retina  are  very  easily  tired,  and  are 
then  not  sensitive  to  color.  By  wearing  glasses  of  a  strong  greenish 
blue  color,  all  the  red  rays  will  be  prevented  from  reaching  the  eye, 
which  will,  after  a  time,  become  insensitive  to  the  violet  and  green 
rays ;  then,  if  the  spectacles  are  taken  off,  these  rays  no  longer 
being  seen,  the  eye  will  see  the  red  of  the  spectrum  much  purer  and 
stronger  than  when  seen  under  normal  vision.  Only  under  such 
conditions  is  it  possible  for  the  eye  to  see  pure  red,  and  the  same  is 
true  of  other  colors. 


The  Pigment  Theory. 

Red  and  yellow  pigments  combine  and  form  orange ;  yellow  and 
blue  make  green  ;  blue  and  red  make  violet ;  and  by  combining  the 
*  From  Rood's  Modern  Chromatics. 
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pigments  red,  yellow,  and  blue  in  different  proportions,  it  is  possible 
to  obtain  all  hues  of  all  colors. 

Red,  yellow,  and  blue  are  thus  called  the  primaries.  The  com- 
bination of  any  two  primaries  gives  a  secondary ;  these  are  orange, 
green,  and  violet.  Any  two  secondaries  combined  give  a  tertiary.  Thus, 

Orange  and  green  combined  give  citrine. 
Green     "     violet         "  "     olive. 

Violet     •'     orange      "  "     russet. 

As  already  shown,  part  of  the  rays  of  light  striking  any  colored 
object  are  reflected  from  it  unchanged.  The  other  rays  enter  the 
surface,  and  are  then  turned  back  and  reflected  from  the  object  minus 
certain  rays  which  have  been  absorbed  by  the  object.  It  is  evident 
that  as  part  of  the  rays  which  compose  white  light  have  been  ab- 
sorbed, those  which  are  reflected  must  be  colored.  The  color  pro- 
duced by  any  pigment  is  due  to  the  absorption  by  the  pigment  of 
all  the  rays  except  those  forming  the  color  which  it  appears.  If  two 
pigments  are  combined,  the  resulting  color  is  due  to  the  rays  which 
are  not  absorbed  by  either  pigment.  It  follows  that  pigments  de- 
stroy light,  and  that  the  mixture  of  red,  yellow,  and  blue  produces  • 
black  by  the  absorption  of  all  the  rays  of  light. 

The  mixture  of  blue  and  yellow  pigments  produces  green,  because 
the  blue  pigment  absorbs  all  the  red,  orange,  and  yellow  rays,  while 
the  yellow  pigment  absorbs  the  blue  and  violet  rays.  The  green 
rays,  being  the  only  ones  not  absorbed,  give  the  color  of  the  com- 
bination. 

Two  colors  are  said  to  be  complementary  when  together  they  con- 
tain the  primary  colors  in  the  proportion  of  3  yellow,  5  red,  and  8  blue. 

The  results  of  pigment  combinations  are  very  different  from  those 
obtained  by  combining  rays  of  light,  and  for  this  reason  it  seems  un- 
wise to  bring  into  public  school  work  the  light  theory  by  the  use  of 
Maxwell's  disks  or  other  apparatus.  Knowledge  of  the  practical  use 
of  pigments  will  be  of  value  to  all  the  pupils.  Knowledge  of  the 
light  theory  will  prove  interesting,  but  can  be  of  little  practical  value 
to  most  of  the  students,  and  the  study  of  this  theory  should  not  be 
taken  up  before  the  high  school.  The  study  of  either  or  of  any 
theory  can  never  give  love  for  color,  or  the  ability  to  see  color. 
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Study  of  the  pigment  theory  will  not  help  the  artist  to  any  great 
extent,  for  the  pigments  used  are  so  varying  and  act  so  differently 
upon  one  another,  that  he  soon  learns  to  mix  his  colors  by  eye  and 
feeling,  and  not  by  rule  or  theory.  This  theory  does,  however,  assist 
the  pupil  in  his  first  attempts,  for  any  blue  and  yellow  combine  to 
produce  some  effect  of  green,  and  all  combinations  of  the  primary 
pigments  agree  approximately  with  the  pigment  theory  of  color. 
Adding  red  or  yellowish  color  to  any  combination  always  makes  it 
warmer,  while  the  addition  of  a  blue  always  makes  it  colder  and 
darker.  In  such  ways  the  pigment  theory  of  color  will  aid  the  pupil 
in  the  public  schools,  who  at  best  cannot  be  expected  in  the  grammar 
grades  to  go  beyond  those  simple  experiments  in  pigments  which 
will  give  ability  to  match  flat  tones  of  color,  first  as  they  are,  and 
second,  as  they  appear  when  changed  by  transmitted  or  reflected 
colored  light. 

The  experiments  upon  which  Field's  theory  was  founded  were 
made  by  passing  light  through  glass  wedges  filled  with  colored 
liquids.  Thus  through  two  wedges  placed  together  and  filled,  one 
with  blue,  and  the  other  with  yellow,  light  of  a  green  color  was  ob- 
tained, but,  as  explained  on  p.  20,  blue  and  yellow  light  combine 
to  form  white  light.  The  green  light  which  passes  through  the 
two  wedges  is  simply  the  light  which  is  not  absorbed  by  them.  The 
wedges  transmit  green  light,  but  stop  almost  all  the  other  rays, 
and  the  result  is  not  the  mixing  of  light  at  all,  but  is  identical  in 
nature  and  effect  with  the  mixing  of  the  pigments  blue  and  yellow. 

The  pigment  theory  of  color  is  most  interestingly  illustrated  by 
a  new  process  of  color  printing,  in  which  three  photographs  of  the 
subject  are  made  through  colored  glasses ;  one  through  a  red  glass, 
the  second  through  a  yellow,  and  the  third  through  a  blue  glass. 
These  colored  glasses  shut  off  all  the  rays'  except  those  of  the  one 
color  which  they  transmit,  hence  each  negative  will  print  only  the 
parts  which  are  acted  upon  by  one  set  of  rays.  From  these  nega- 
tives three  plates  are  made,  which  are  printed  one  after  the  other  of 
their  respective  colors,  red,  yellow,  and  blue.  The  result  produced 
is  quite  wonderful  in  its  soft  gradations  and  in  its  representation  of 
all  the  colors  of  the  subject. 
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CONTRAST. 


Contrast  is  the  effect  produced  upon  one  another  by  different 
colors,  or  by  different  tones  of  the  same  color. 

All  appearances  are  relative,  and  a  color  will  appear  light  in  con- 
trast with  a  darker  color,  or  dark  in  contrast  with  a  lighter  color. 
This  is  true  not  only  of  tones  of  the  same  scale  of  color,  but  of  those 
of  different  scales  of  color. 

When  the  colors  are  different,  besides  the  change  in  the  appar- 
ent amount  of  light  and  dark  in  the  color,  there  appears  a  change 
in  its  nature,  so  that  the  same  color  may  at  different  times  appear 
of  entirely  different  hues.  Thus,  if  two  squares  of  red  paper  of 
the  same  tone  are  placed  upon  larger  squares  of  paper,  one  being 
green  and  the  other  a  red  of  a  different  hue  from  the  first,  the 
smaller  squares  will  appear  very  different,  that  upon  the  green  paper 
seeming  much  purer  and  brighter  than  that  upon  the  red. 

The  effects  of  contrast  are  strongest  nearest  the  lines  in  which 
the  colors  meet,  and  are  best  shown  when  a  colored  circle  or  square 
is  placed  upon  a  larger  one  of  a  different  color.  Thus,  if  we  arrange 
circles  of  the  spectrum  colors  as  follows,  the  circles  will  seem  much 
richer  and  stronger  in  color  at  the  outside  than  near  the  centre,  and 
the  grounds  will  seem  richer  and  darker  near  the  circles: 

A  red  circle  upon  a  sheet  of  greenish  blue  paper, 
An  orange  circle  upon  a  sheet  of  cyan-blue  paper, 
A  yellow  circle  upon  a  sheet  of  blue  paper, 
A  green  circle  upon  a  sheet  of  violet  paper, 
A  blue  circle  upon  a  sheet  of  yellow  paper, 
A  violet  circle  upon  a  sheet  of  green  paper. 

Two  rectangles  of  different  colored  papers,  placed  as  is  shown  in 
Fig.  3,  will  appear  graded,  the  dark  one  appearing  darkest  nearest 
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the  light  one,  and  the  light  one  appearing  lightest  against  the  dark 
one. 
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Fig.  3. 


If  the  normal,  tints,  and  shades  of  any  color  are  arranged  on  one 
plane  and  in  regular  order  from  light  to  dark,  each  tone  will  appear 
graded  as  shown  in  Fig.  4.     Any  tone  (as  A)   in  contrast  with  a 


Fig.  4- 

lighter  one,  appears  darker  at  ^,  by  means  of  the  contrast  with  the 
light,  and  appears  lighter  at  b,  through  its  contrast  with  a  darker 
tone.  The  effect  of  contrast  makes  it  difficult  to  believe  that  the 
tones  are  really  of  uniform  strength.  The  best  way  to  make  this 
experiment  is  by  means  of  various  tones  of  pure  gray  colored 
papers. 

The  contrast  of  different  tones  of  the  same  color  acts,  princi- 
pally, to  produce  the  effect  of  light  and  shade.  When  the  colors 
are  different,  there  is,  in  addition  to  the  light  and  shade  effects,  the 
action  of  the  complementary  color  which  is  produced  by  each  color 
and  added  to*the  other. 

This  complementary  color,  which  causes  contrasting  colors  to 
appear  different  from  their  real  colors,  is  due  to  the  fact  that  the 
color-seeing  nerves  become  tired  after  they  have  acted  for  some  time 
upon  one  color.  If  any  bright  object,  as  a  red  wafer,  is  looked  at 
intently  for  a  few  minutes,  the  red-seeing  nerves  acted  upon  by  the 
wafer  become  so  fatigued  that  when  the  eyes  are  directed  to  some 
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Other  surface  or  color  they  are  not  sensitive  to  the  red  rays  sent  out 
by  it ;  thus  the  tired  red  nerves  cause  the  image  of  the  wafer  to  be 
produced  by  the  remaining  rays,  namely,  the  green  and  the  violet. 
The  surface,  if  white,  will  then  seem  to  have  a  blue-green  image  of 
the  wafer. 

The  strongest  effect  of  this  nature  is  produced  by  the  setting 
sun,  which,  if  looked  at  for  a  few  minutes,  causes  the  entire  sky  to 
be  filled  by  bluish  images  of  itself.  These  images  are  called  nega- 
tive, and  are  always  of  the  color  complementary  to  that  causing 
them,  when  the  surface  upon  which  they  appear  is  white ;  but  if  this 
surface  is  not  white,  the  images  are  of  a  color  which  is  the  result  of 
the  combination  of  the  complementary  color  with  that  of  the  surface 
on  which  they  appear. 

Most  of  the  effects  due  to  contrast  of  different  colors  may  be 
explained  in  this  way.  If  yellow  and  blue  are  placed  in  contrast, 
the  eye  glances  from  one  to  the  other ;  when  looking  at  the  yellow, 
the  blue-seeing  nerves  are  resting,  so  that  they  are  in  condition  to  be 
acted  upon  most  powerfully  by  the  blue  rays,  when  the  eye  turns 
from  the  yellow  to  the  blue  :  in  the  same  way  the  nerves  are  in  the 
best  condition  to  see  yellow  after  the  eye  has  been  looking  at  the 
blue.  Thus,  complementary,  colors  enhance  or  brighten  each  other 
by  being  in  contrast. 

If  colors  which  are  alike  are  placed  in  contrast,  as  two  different 
reds,  they  will  be  mutually  deadened  by  the  green  rays  which  each 
tends  to  add  to  the  other. 

The  action  which  two  colors  in  contrast  exert  upon  each  other 
is  always  to  add  to  each  other  a  small  amount  of  the  comple- 
mentary of  the  other;  thus  colors  enhance  each  other  the  greater 
their  difference  in  hue,  and  deaden  each  other  the  nearer  they  are  to 
the  same  color. 

This  action  of  colors  upon  one  another  is  invariable  and  impossi- 
ble to  avoid.  To  see  the  finer  effects  produced  by  it  requires  a 
good  color  sense,  trained  by  long  years  of  study ;  the  more  power- 
ful effects  all  can  see. 

These  effects  are  the  most  powerful  when  the  colors  are  of  equal 
intensity.  If  colors  which  are  unequal  in  intensity  be  contrasted, 
the  one  most  saturated  will  gain  in  strength,  while  the  pale  color 
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will  appear  paler,  and  may  even  be  made  to  change  its  color  to  some 
other  hue  by  the  addition  of  enough  of  the  complementary  of  the 
strong  color  to  more  than  neutralize  the  weak.  Thus  a  pale  red  in 
contrast  with  a  strong  purple  will  be  so  affected  by  the  green  com- 
plement of  purple  as  to  appear  quite  white,  and  it  may  even  appear 
green  instead  of  red. 

The  effect  of  the  contrast  of  pale  with  strong  colors  will  be  to 
weaken  or  change  the  hue  of  the  lighter  color,  and  to  strengthen  the 
darker,  except  when  the  colors  are  complementary,  in  which  case 
both  will  be  increased  in  intensity. 

The  effects  of  contrast  are  variable  with  the  intensity  of  the  light, 
as  different  colors  change  their  relations  when  carried  from  a  strong 
to  a  feeble  light.  Thus  of  a  red  and  a  blue  which  appear  of  equal 
brightness  in  a  common  studio  light,  the  red  will  appear  much  the 
brighter  if  the  colors  are  exposed  to  direct  sunlight,  while  if  carried 
to  a  darkened  room  the  blue  will  seem  the  brighter.  This  explains 
the  fact  that  artists  so  often  find  the  sketches,  which  seemed  warm 
and  luminous  when  they  were  being  worked  upon  out-of-doors,  very 
cold  when  seen  in  the  weaker  light  of  the  studio. 

The  effects  of  contrast  are  much  stronger  under  a  strong  light 
than  under  a  weak  one ;  hence  it  follows  that,  if  a  picture  is  to  give 
in  the  feeble  light  of  a  room  the  effects  of  strong  sunlight  contrasts, 
the  actual  colors  seen  must  often  be  changed  in  the  painting,  so  that 
in  the  weak  indoor  light  the  contrast  effects  may  be  nearer  the 
strength  that  they  were  in  the  strong  outdoor  illumination.  As  the 
light  diminishes,  the  color  red  is  the  first  to  appear  darker  ;  then 
follow  orange,  yellow,  green,  blue,  and  violet,  in  their  order ;  and  it  is 
evident  that  strongly  colored  pictures  in  a  light  key  cannot,  if  they 
were  painted  in  a  strong  light,  be  made  to  look  well  in  a  dark  room. 

The  effects  of  contrast  are  frequently  much  stronger  with  light 
colors  than  with  intense  or  saturated  colors,  for  the  strong  positive 
colors  often  act  so  powerfully  upon  the  eye  as  to  render  the  contrast 
effects  difficult  to  see  ;  while  with  delicate  colors  the  action  of  the 
original  color  on  the  eye  is  readily  changed  by  contrast.  This  may 
be  shown  by  the  following  experiments  of  H.  Mayer. — Place  a  small 
strip  of  gray  paper  on  a  sheet  of  green  paper,  and  it  will  not  be  easy 
to  see  a  change  in  the  color  of  the  gray  paper.     But  if  the  papers 
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are  covered  by  a  thin  sheet  of  translucent  white  tissue  paper,  which 
greatly  weakens  the  colors,  the  gray  paper  will  at  once  appear  of  a 
red  tint. 

These  facts  explain  the  power  and  strength  which  the  best  pic- 
tures of  the  impressionist  school  possess.  Though  the  shadows  of 
these  pictures  are  often  not  so  dark  as  the  lights  of  pictures  of  older 
schools,  they  are  so  much  more  effective  that  one  of  them  in  a  gallery 
of  the  older  pictures  will  cause  all  of  the  latter  to  appear  dark  and 
almost  colorless. 

The  effects  produced  by  the  same  colors  under  gas  or  lamplight 
and  under  sunlight  are  very  different.  Some  colors  are  changed 
much  more  than  others,  and  some  pigments  more  than  other  pig- 
ments of  the  same  color.  I  remember  a  picture  which  appears  gray 
by  daylight,  but  a  strong  violet  by  artificial  light.  It  is  not  at  all 
satisfactory  as  the  representative  of  its  subject,  —  an  overcast  day. 

Colors  when  contrasted  with  white,'  black,  or  gray  are  changed 
to  a  slight  extent.  The  change  is  mainly  due  to  apparent  increase 
or  decrease  of  luminosity  in  the  colors,  resulting  from  their  contrast 
with  a  lighter  or  darker  value.  Thus  light  colors  appear  brightest 
when  contrasted  with  black.  The  dark  colors  appear  strongest  when 
contrasted  with  white. 

The  various  contrast  effects  which  have  been  described  have 
been  classified  by  Chevreul  as  simultaneous,  successive,  and  mixed. 

Simultaneous  contrasts  result  from  the  action  of  different  colors 
which  are  seen  at  the  same  time,  and  affect  the  hues  of  the  colors 
and  the  depth  of  their  tones. 

Successive  contrasts  result  from  the  long-continued  action  of  any 
color  upon  the  eyes.  This  action  causes  the  eyes  to  see,  when  they 
are  turned  away  from  the  object,  its  image  tinged  with  a  color  which 
is  complementary  to  that  of  the  object. 

Mixed  contrasts  are  produced  when  an  object  or  color  is  seen  by 
eyes  which  retain  the  image  of  any  object  previously  seen  tinged 
with  its  complementary  color,  the  color  of  the  second  object  being 
changed  by  this  complementary  image  of  the  object  first  seen. 


CHAPTER  V. 

HARMONY. 

Harmony  in  color  is  difficult  to  obtain,  and  more  difficult  to  de- 
scribe or  reduce  to  law.  Different  authors  give  varying  definitions 
of  the  different  types  of  arrangements  in  which  it  may  exist. 

Chevreul  arranges  the  different  harmonies  of  colors  in  two  classes, 
as  follows : 

"First  Species:  Harmonies  of  Analogy.  —  i.  The  harmony 
of  scale,  produced  by  the  simultaneous  view  of  different  tones  of  the 
same  scale,  more  or  less  approximating.  2.  The  harmony  of  hues, 
produced  by  the  simultaneous  view  of  tones  of  the  same,  or  nearly 
of  the  same  depth,  belonging  to  neighboring  scales.  3.  The  harmony 
of  a  dominafit  colored  light,  produced  by  the  simultaneous  view  of 
various  colors  assorted  according  to  the  law  of  contrast,  but  one  of 
them  predominating,  as  would  result  from  the  view  of  these  colors 
through  a  slightly-colored  glass. 

"  Second  Species  :  Harmonies  of  Contrast.  —  i.  The  harmony 
of  contrast  of  scale,  produced  by  the  simultaneous  view  of  two  very 
distant  tones  of  the  same  scale.  2.  The  harmony  of  contrast  of  hues, 
produced  by  the  simultaneous  view  of  tones  of  different  depths, 
belonging  to  neighboring  scales.  3.  The  harmony  of  contrast  of  colors, 
produced  by  the  simultaneous  view  of  colors  belonging  to  very  dis- 
tant scales,  assorted  according  to  the  law  of  contrast.  The  differ- 
ence in  the  depth  of  the  adjacent  tones  may  further  augment  the 
contrast  of  colors." 

Ruskin  gives  the  following  definitions . 

Harmony  of  Contrast.  —  Two  very  distant  tones  of  same 
scale  of  hues.  Tones  of  different  depths  belonging  to  neighboring 
scales. 

Harmony  of  Analogy  of  Scale.  —  Different  tones  of  same 
scale  more  or  less  approximate. 


32 


COLOR  STUDY. 


Harmony  of  Analogy  of  Hues.  — Tones  of  the  same,  or  nearly 
the  same,  depth  of  neighboring  scales. 

Harmony  of  a  Dominant  Colored  Light.  —  Various  colors 
assorted  after  the  law  of  contrasts,  but  one  of  them  predominating, 
as  if  viewed  with  a  colored  light  or  through  a  colored  glass. 

Mr.  Henry  T.  Bailey,  state  supervisor  of  drawing  in  Massachu- 
setts, has  classified  and  defined  the  typical  harmonies  of  color  as 
follows : 

I.    Contrasted  Harmonies. 

Those  in  which  color  is  contrasted  with  non-color ;  or,  more  ac- 
curately, in  which  a  passive  color  (white,  gray,  black,  silver,  or  gold) 
is  contrasted  with  an  active  color,  a  tone  from  the  spectrum  chart. 

2.   Dominant  Harmonies. 
Those  in  which  are  combined  different  tones  in  one  color  scale. 

3.   Complementary  Harmonies. 

Those  in  which  are  combined  opposite  tones  of  complementary 
colors. 

4.  Analogous  Harmonies. 

Those  in  which  are  combined  tones  from  analogous  scales. 

5.  Perfected  Harmonies. 

A.  Those  in  which  analogous  colors  are  combined  with  the  com- 
plementary of  the  key  color.  B.  Those  in  which  the  effect  of  one 
analogous  harmony  is  complementary  to  the  effect  of  another. 

It  is  unnecessary  to  teach  these  terms  in  the  public  schools; 
therefore  the  lack  of  harmony  between  the  different  definitions  is  of 
slight  consequence. 

According  to  Field,  the  primaries  —  yellow,  red,  and  blue  —  com- 
bine in  the  surface  proportions  of  3,  5,  and  8  respectively  and  pro- 
duce white  light ;  and  he  holds  that  the  colors  of  a  design  should  be 
combined  in  the  above  proportions  in  order  to  be  satisfactory.  Thus 
3  parts  of  yellow  and  5  of  red  give  8  of  orange,  which  harmonize 
with  8  of  blue;  or  5  of  red  and  8  of  blue  form  13  of  violet,  which 


HARMONY, 


33 


harmonize  with  3  of  yellow ;  or  8  of  blue  and  3  of  yellow  give  1 1  of 
green,  which  harmonize  with  5  of  red,  or 

19  of  citrine  harmonize  with        .         .         .         13  of  violet. 
21  of  russet  "  "  .         .         .         1 1  of  green. 

24  of  olive  "  "  ...  8  of  orange. 

The  three  secondaries  together,  or  the  three  tertiaries  together 
form  perfect  harmony,  as  do  the  three  primaries. 

Citrine,  which  inclines  to  yellow,  harmonizes  with  violet,  as  does 
yellow. 

Russet  inclines  to  red  and  harmonizes  with  green,  as  does  red. 

Olive  inclines  to  blue  and  harmonizes  with  orange,  as  does  blue. 

In  the  case  of  the  tertiaries,  the  loss  of  brilliancy  is  made  up  by 
the  increase  of  surface  covered:  thus  19  of  citrine  or  13  of  violet 
harmonize  with  3  of  yellow. 

Owen  Jones  is  considered  one  of  the  best  authorities  upon  orna- 
ment. From  his  "Grammar  of  Ornament"  the  following  propo- 
sitions relating  to  color  are  taken : 

"  Color  is  used  to  assist  in  the  development  of  form,  and  to  dis- 
tinguish objects  or  parts  of  objects,  one  from  another." 

"  Color  is  used  to  assist  light  and  shade,  helping  the  undulations 
of  form  by  the  proper  distribution  of  the  several  colors." 

"These  objects  are  best  attained  by  the  use  of  the  primary 
colors  on  small  surfaces  and  in  small  quantities,  balanced  and  sup- 
ported by  the  secondary  and  tertiary  colors  on  the  larger  masses." 

"  The  primary  colors  should  be  used  on  the  upper  portions  of  ob- 
jects, the  secondary  and  tertiary  on  the  lower." 

"When  a  primary  tinged  with  another  primary  is  contrasted 
with  a  secondary,  the  secondary  must  have  a  hue  of  the  third  pri- 
mary." 

"In  using  the  primary  colors  on  moulded  surfaces,  we  should 
place  blue,  which  retires,  on  the  concave  surfaces;  yellow,  which 
advances,  on  the  convex ;  and  red,  the  intermediate  color,  on  the 
under  sides,  separating  the  colors  by  white  on  the  vertical  planes." 

"The  various  colors  should  be  so  blended  that  the  objects 
colored,  when  viewed  at  a  distance,  should  present  a  neutralized 
bloom." 
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'  "  No  composition  can  ever  be  perfect  in  which  any  one  of  the 
three  primary  colors  is  wanting,  either  in  its  natural  state  or  in  com- 
bination." 

"When  two  tones  of  the  same  color  are  juxtaposed,  the  light 
color  will  appear  lighter,  and  the  dark  color  darker." 

"  When  two  different  colors  are  juxtaposed,  they  receive  a  double 
modification ;  first,  as  to  their  tone  (the  light  color  appearing 
lighter,  and  the  dark  color  appearing  darker) ;  secondly,  as  to  their 
hue,  each  will  become  tinged  with  the  complementary  color  of  the 
other." 

"Colors  on  white  grounds  appear  darker;  on  black  grounds 
lighter." 

"  Black  grounds  suffer  when  opposed  to  colors  which  give  a 
luminous  complementary." 

"  Colors  should  never  be  allowed  to  impinge  upon  each  other." 

"  When  ornaments  in  a  color  are  on  a  ground  of  a  contrasting 
color,  the  ornaments  should  be  separated  from  the  ground  by  an 
edging  of  lighter  color ;  as  a  red  flower  on  a  green  ground  should 
have  an  edging  of  lighter  red." 

"When  ornaments  in  a  color  are  on  a  gold  ground,  the  orna- 
ments should  be  separated  from  the  ground  by  an  edging  of  a  darker 
color." 

"  Gold  ornaments  on  any  colored  ground  should  be  outlined  with 
black." 

"  Ornaments  of  any  color  may  be  separated  from  grounds  of  any 
other  color  by  edgings  of  white,  gold,  or  black." 

"  Ornaments  in  any  color,  or  in  gold,  may  be  used  on  white  or 
black  grounds,  without  outline  or  edging." 

"In  '  self -tints,'  tones,  or  shades  of  the  same  color,  a  light  tint 
on  a  dark  ground  may  be  used  without  outline ;  but  a  dark  orna- 
ment on  a  light  ground  requires  to  be  outlined  with  a  still  darker 
tone." 

The  propositions  of  Owen  Jones  relating  to  color  harmony  repeat 
the  theories  of  Field.  These  theories  are  entirely  false,  and  any 
propositions  based  upon  them  myst  be  rejected  as  imperfect,  and 
will  be  useful  only  as  they  may  assist  in  producing  results  which 
do  not  violate  the  best  taste. 
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The  colors  which  are  complementary  are  often  said  to  be  the 
best  for  combinations.  If  so,  there  is  instantly  contradiction  be- 
tween the  pigment  theory  of  color  and  the  light  theory.  By  the  pig- 
ment theory  blue  and  orange  combine  to  produce  white  light,  but  by 
the  light  theory  blue  and  yellow  produce  white.  Red  and  green  are 
complementary  by  the  pigment  theory,  and  red  and  blue-green,  by 
the  light  theory. 

Combinations  of  complementary  colors,  though  satisfactory  by 
either  theory  or  by  both,  are  often  crude  and  unsatisfactory  in  prac- 
tice, and  we  find  that  for  many  purposes  the  best  designers  make  use 
of  colors  which  are  very  closely  related,  or  of  tints  or  sha'des  of 
colors  which  are  complementary.  Upon  this  point  Rood  gives  the 
following  paragraph : 

"  The  complementary  colors  are  very  valuable  when  the  artist  is 
obliged  to  work  with  dark,  dull,  or  pale  colors,  and  still  is  desirous 
of  obtaining  a  strong  or  brilliant  effect.  The  fact  that  the  colors  are 
dull,  or  pale,  or  grayish,  prevents  much  possibility  of  harshness  ;  and 
the  use  of  complementary  hues  excludes  all  risk  of  the  brilliancy  of 
the  tints  being  damaged  by  harmful  contrast.  In  general,  the  lower 
we  go  in  the  scale,  and  the  more  our  colors  approximate  to  black, 
brown,  or  gray,  the  more  freely  can  we  employ  complementary  hues 
without  producing  harshness ;  and  even  the  objectionable  pairs,  red 
and  green-blue,  purple  and  green,  if  sufficiently  darkened  become 
agreeable." 

When  colors  very  closely  related  are  used  in  a  design,  the  effect 
produced  is  not  that  of  different  colors  but  of  the  same  color,  and,  in 
practice,  combinations  of  colors  which  are  closely  related  are  very 
satisfactory. 

The  statement  that  the  best  arrangements  are  those  in  which 
colors  are  combined  in  such  proportions  as  to  produce  white  by  the 
light  theory,  or  black  by  the  mixing  of  pigoients,  is  not  supported  by 
the  best  art  work,  where  the  effect  produced  is  that  of  some  one 
color,  and  not,  as  Owen  Jones  states,  "  a  neutralized  bloom." 

To  produce  a  work  of  art  in  color  we  must  work  from  within,  and 
no  study  of  rules  will  take  the  place  of  sentiment.  Study  of  the 
opinions  of  others  will  assist  us  to  form  opinions  of  our  own  ;  and  the 
experience  of  those  who  have  produced  good  art  work  will,  if  noted 
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and  observed  by  those  less  skilled,  enable  them  to  avoid  the  most 
glaring  faults.  Study  of  such  books  as  those  by  Chevreul  and  von 
Bezold  will  therefore  be  valuable.  The  best  instruction  in  this  line 
will  be  gained,  not  from  books,  but  from  the  works  of  the  best 
masters  in  both  fine  and  industrial  arts.  Study  of  the  best  tapes- 
tries, draperies,  and  decorations  will  do  more  to  cultivate  good  taste 
concerning  color  than  any  books  that  have  been  or  may  be  printed  ; 
but  those  who  wish  text  upon  this  subject  will  find  it  without  trouble. 

A  few  years  ago  the  popular  idea  concerning  art  work  was  that 
good  art  was  carried  out  in  dull  colors.  In  fine  art  it  was  stated,  for 
instance,  that  bright  colors  were  the  sure  indications  of  inferior  art. 
The  day  of  such  a  statement  has  passed,  yet  it  is  as  true  in  a  sense 
now  as  then.  Particularly  in  decorative  work  should  the  effect  pro- 
duced be  quiet  and  unobtrusive.  It  has  been  found  possible  to 
combine  light  and  bright  colors  in  such  a  way  that  they  act  upon 
one  another  by  contrast  to  produce  a  rich  general  tone  or  bloom. 
This  can  be  done  in  decorative  as  well  as  in  pictorial  work,  and  the 
only  point  to  be  insisted  upon,  whether  the  scheme  of  color  is  low  or 
high  in  tone,  is  that  the  colors  be  so  combined  that  they  do  not  pro- 
duce a  crude,  spotty,  and  cut-up  effect. 

It  is  not  possible  to  specify  more  than  this,  for  the  effect  depends 
upon  the  position  and  the  distance  at  which  the  colors  are  seen.  As 
a  general  thing  in  public  school  work,  the  designs  being  for  objects 
seen  near  at  hand,  it  will  not  do  to  combine  the  primaries,  for  the 
colors  cannot  be  sufficiently  divided  to  neutralize  each  other.  The 
secondaries  and  tertiaries,  with  their  tints  and  shades,  can  be  used 
to  much  better  advantage. 

A  point  of  great  importance  is  simplicity.  This  will  be  better 
given  by  few  colors  than  by  many,  and  the  larger  the  masses  of  flat 
color,  the  fewer  should  be  the  colors  used.  Two  or  three  tones  of  a 
color  will  combine  pleasantly,  also  contrasting  tones  of  the  secondaries 
or  tertiaries ;  the  primaries,  when  used,  should  be  reserved  for  the 
small  bits  which  serve  as  accents. 
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COLOR    IN    THE    PUBLIC   SCHOOLS. 

By  amy  swain. 

Every  child  has  an  inborn  love  of  color,  although  not  always  of 
beautiful  color.  It  is  our  privilege  as  teachers  to  cultivate  that  love ; 
to  lead  them  to  see  and  appreciate  the  beautiful  colors  and  harmo- 
nies of  color  found  in  Nature  and  art ;  and  to  assist  them  to  apply 
the  knowledge  gained,  in  simple  combinations  of  color  and  form  for 
decorative  purposes.  Thus  the  practical  as  well  as  the  aesthetic 
nature  of  the  child  is  developed. 

The  materials  for  color  study  are  expensive,  and  some  may  wish 
to  omit  the  work  which  requires  colored  paper  and  pigments. 

The  exercises  suggested  in  this  course  combine  the  study  of  color 
and  arrangement  (design).  Those  who  wish  to  omit  the  color  may 
do  so,  and  make  the  work  the  study  of  design  simply,  by  using  plain 
paper  for  all  the  exercises  in  cutting,  folding,  and  pasting ;  and  in- 
stead of  colored  designs  in  paper  or  pigments,  the  units  may  be  used 
as  patterns  to  give  designs  in  pencil  outline. 

In  the  upper  grades,  in  place  of  the  color  work,  lessons  in  design, 
free-hand  drawing,  or  in  working  drawings  may  be  given.  The  man- 
uals on  the  different  subjects  are  arranged  so  that  teachers  may 
carry  any  subject  much  farther  than  the  work  suggested  for  the 
course,  and  thus  perfect  freedom  is  given  for  any  changes  desired  or 
necessary  on  account  of  expense. 

MATERIALS 

For  Color  Study  and  Work  with  Colored  Papers. 

1.  Glass  prism. 

2.  Colored  tablets  representing  the  six  leading  colors  of  the  solar  spec- 
trum, and  also  six  intermediate  hues. 
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3.  Colored  papers  for  use  in  arrangements. 

4.  Gray  mounting  paper. 

5.  Practice  paper,  from  which  to  cut  patterns. 

6.  Mucilage. 

7.  Scissors  for  each  pupil. 

8.  A  large  envelope  for  each  pupil,  in  which  to  keep  materials  and 
designs. 

For  Work  with  Pigments.     Materials  for  Each  Pupil. 


One  round  camel's-hair  brush,  about  \"  in  diameter. 

One  pan  each  of  red,  yellow,  blue,  and  black  pigments. 

One  small  sponge,  or  piece  of  soft  white  cloth. 

One  piece  of  blotting  paper. 

One  cup,  or  receptacle  for  water. 

Two  small  butter-dishes,  or  equivalents,  for  the  washes. 

One  block  of  paper. 


SUGGESTIONS   TO   TEACHERS. 

RECOGNITION    OF   COLOR. 

A  first  exercise  should  be  to  investigate  the  ability  of  the  children 
to  distinguish  colors. 

Distribute  the  boxes  containing  the  colored  tablets  and  hold  a 
piece  of  colored  paper  so  that  all  can  see  it.  Ask  the  children  to 
find  all  the  tablets  of  that  color  which  are  in  their  boxes,  and  to 
place  them  together  on  their  desks.  Have  each  child  remove  all  the 
tablets  from  his  box  and  place  them  on  his  desk  ;  and  then  place  in 
separate  piles  all  those  of  the  same  color. 

CHOICE    OF    COLORS. 

Ask  each  child  to  select  a  tablet  of  the  color  liked  best  and  place 
it  at  the  back  of  the  desk,  or,  better  still,  under  the  box,  so  that  other 
children  may  not  see  the  color  chosen.  Ask  for  reasons  of  preference 
of  colors.  Then  have  each  child  find  all  the  tablets  he  can  of  the 
color  which  he  likes  best,  and  place  them  in  a  pile  at  the  back  of  the 
desk.  This  will  show  which  colors  are  the  most  attractive  to  the 
children. 

A  record  of  this  exercise  should  be  kept,  and  other  exercises  of  this 
nature  given,  in  order  that  comparison  of  these  records  may  be  made. 

Such  records  will  show  in  time  what  changes  in  the  color  sense 
may  have  occurred. 

THE  SOLAR  SPECTRUM  AND  COLOR  SCALE. 

The  solar  spectrum  is  an  oblong  image  formed  by  a  beam  of  light 
transmitted  through  a  triangular  glass  prism  and  falling  upon  a  sheet 
of  white  paper.  The  light  is  separated  by  the  prism  into  its  primary 
colors.  Other  examples  of  the  solar  spectrum  are  seen  in  the  rain- 
bow and  upon  soap  bubbles. 

The  solar  spectrum  forms  the  basis  for  color  investigation  and 
study.     From  it  a  scale  is  formed  by  selecting  the  six  leading  colors 
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and  six  intermediate  colors.  The  six  leading  colors  are  red  (-^.), 
orange  (a),  yellow  (  K),  green  (6^.),  blue  (^.),  and  violet  (  ^).  The 
intermediate  colors  are  red-orange  (R.-O.),  orange-yellow  ((9.-K), 
yellow-green  (K-<?.),  green-blue  (G-B.),  blue-violet  (B.-F.),  and 
violet-red  {V.-R.).  These  colors  occupy  unequal  spaces  in  the 
spectrum ;  but  for  color  study  in  the  lower  grades  of  the  public 
schools,  the  pieces  of  colored  paper  which  are  used  to  represent  the 
spectrum  are  of  the  same  width. 

More  than  one  color  between  any  two  successive  leading  colors 
may  be  used  to  form  the  scale  for  color  study ;  but  for  public  school 
work  more  than  twelve  colors,  with  their  tints  and  shades,  will  be 
confusing. 

The  light  passing  through  a  glass  prism  and  falling  upon  a 
white  screen  gives  the  strongest  example  of  the  solar  spectrum,  and 
is  therefore  the  best  for  use  in  the  school-room. 

Each  building  should  be  provided  with  a  triangular  glass  prism. 
The  pendants  from  a  chandelier  may  be  substituted,  but  are  not  as 
satisfactory. 

Place  the  prism  in  the  sunlight  so  that  the  spectrum  is  forped 
where  all  the  children  can  see  it.  The  interest  exhibited  in  th*e 
beautiful  color  is  intense.  Some  children  will  say  it  looks  like  the 
rainbow,  while  others  may  think  of  the  colors  they  have  seen  in  soap- 
bubbles. 

Have  each  child  go  to  the  spectrum  and  find  as  many  colors  as 
possible.  At  first,  most  of  the  very  young  children  will  find  but 
four  ;  but,  after  repeated  exercises,  they  will  distinguish  six  distinct 

colors.  Let  them  select  the  col- 
ored tablets  which  are  like  the 
colors  of  the  spectrum. 

Have  them  lay  the  colored 
tablets  to  represent  the  six  col- 
ors discovered,  in  the  order  in 
which  they  appear  in  the  spec- 
trum. Repeat  this  exercise  un- 
til the  children  are  familiar  with 
the  six  leading  colors,  and  can 
lay  them  in  their  correct  order. 


SUGGESTIONS   TO    TEACHERS. 
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COLOR    RELATIONS. 

After  the  children  have  become  familiar  with  the  six  leading  col- 
ors, red,  orange,  yellow,  green,  blue,  and  violet,  and  the  order  in 
which  they  appear  in  the  spectrum,  give  a  few  exercises  on  the  rela- 
tion of  colors. 

To  make  a  lesson  of  this  kind  interesting  ask  if  any  of  the  chil- 
dren have  little  brothers  or  sisters,  and  how  one  would  know  that 
Carrie  was  Mary's  sister,  if  they  were  standing  side  by  side.  They 
will  say  at  once  that  Carrie  looks  like  Mary.  Then  tell  them  that  all 
the  colored  cards  which  they  have  in  their  boxes  have  brothers  or  sis- 
ters, too.  Hold  up  a  red  card  so  that  all  can  see  it,  and  without  giv- 
ing its  name,  ask  how  they  may  know  which  colored  tablets  are  related 
to  the  one  selected. 

They  will  say  that  the  ones  which  look  like  it  will  be  related.     Have 
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each  child  select  a  tablet  like  the  teacher's,  and  place  it  on  his  desk. 
Then  ask  the  pupils  to  find  other  tablets  which  look  like  the  ones 
which  they  have  selected.  Usually  every  pupil  will  find  one,  and 
often  two,  tablets  which  are  related  to  the  one  which  he  has.  Repeat 
the  exercise,  using  a  different  color  each  time,  and  then  have  the 
children  try  to  lay  the  spectrum  chart  by  relation  of  colors.  After  a 
little  practice  they  will  lay  the  twelve  colors  in  their  correct  relation- 
ship. 

INDIVIDUAL   COLOR    AND    COLOR    NAMES. 

To  present  any  color,  the  teacher  must  be  provided  with  a  piece 
of  paper,  of  the  color  to  be  taught,  at  least  4"  square.  The  children 
must  have  boxes  of  colored  tablets. 
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Hold  the  piece  of  paper  so  that  all  the  children  can  see  it,  and 
then  ask  them  to  find  tablets  of  the  same  color.  If  any  have  not 
found  the  correct  color,  pass  along  the  aisles,  with  the  large  piece  of 
colored  paper,  and  give  each  child  a  chance  to  compare  the  color 
which  he  has  selected  with  the  color  desired.  Do  not  tell  them  if 
they  have  not  the  right  color,  but  let  them  discover  and  correct  their 
own  mistakes.  After  they  have  found  the  correct  color,  have  each 
child  place  all  the  tablets  of  that  color  together  in  a  pile  on  his  desk  ; 
then  ask  them  to  find  all  examples  of  this  color  which  are  in  the  room. 

The  color  name  may  now  be  given.  Such  questions  should  be 
asked  as  will  call  forth  a  repetition  of  the  name  of  the  color  taught. 

Have  the  children  think  of  all  the  examples  of  the  colors  studied 
that  are  to  be  found  in  Nature  and  natural  objects.  Encourage  them 
in  bringing  bits  of  worsted,  cloth,  ribbon,  etc.,  representing  the  stan- 
dard colors  as  they  are  studied. 

The  colors  are  to  be  taught  in  the  order  in  which  they  appear  in 
the  solar  spectrum. 

To  add  interest  to  the  exercises,  and  that  the  impressions  of  the 
colors  may  be  more  thoroughly  fixed  in  the  minds  of  the  children, 
memory  gems,  including  color  thoughts,  may  be  given  in  connection 
with  the  color  lessons. 

TINTS   AND    SHADES. 

Teach  the  tints  and  shades  of  any  color  by  comparing  them  with 
the  normal  tone  of  that  color.  Large  pieces  of  colored  paper  are 
required,  as  in  the  lessons  on  the  normal  colors. 

First,  review  the  normal  of  the  tints  to  be  taught,  and  then  com- 
pare the  tints  with  this.  The  children  will  readily  say  that  they  are 
lighter  than  the  normal,  one  being  lighter 
than  the  other.  Define  tint^  and  give  names 
light  and  lighter.  Have  the  pupils  arrange 
the  normal  and  two  tints  of  any  color  in  a 
graded  scale.  Teach  the  shades  in  the 
same  manner  as  the  tints  were  taught,  giv- 
ing names  dark  and  darker.  Have  the 
pupils  arrange  five  tones  of  any  color  in  a 
graded  scale,  beginning  with  the  lightest  tint  or  the  darkest  shade. 
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Ask  the  children  to  discover  all  the  illustrations  of  the  colors  in  the 
room,  and  to  bring  in  examples  of  different  tones  of  the  same 
color. 

The  tints  and  shades  may  be  taught  and 
illustrated  by  the  use  of  pigments.  If  water 
colors  are  used,  tints  may  be  made  by  ad- 
ding water,  and  shades  may  be  made  by 
adding  black  to  the  full  tones  of  the  pig- 
ments. Washes  of  these  different  tones  may 
be  placed  on  paper  before  the  class.  In  oils, 
tints  are  formed  by  adding  white,  and  shades 
are  formed  by  adding  black,  to  the  normal 
tones.  Tints  and  shades  may  also  be  taught 
by  the  use  of  the  color  wheel. 

Lead  children  to  observe  the  beautiful  colors  in  Nature  and  natural 
objects.  Let  them  look  from  the  windows  and  describe  the  colors 
seen. 

ARRANGEMENTS    OF   COLORED    PAPER. 

In  the  lower  grades,  the  arrangements  to  be  executed  in  colored 
papers  are  first  made  with  the  small  tablets.  Thus  the  number  of 
units  required  is  ascertained.  In  later  work  the  geometric  forms  are 
varied ;  and  radial,  border,  and  surface  arrangements  are  made 
with  units  suggested  by  face  views  of  flowers  and  leaves. 

For  the  most  advanced  work,  elementary  and  applied  designs  may 
be  made,  with  units  suggested  by  plant  forms  and  historic  ornament. 

At  first,  make  the  arrangements  of  one  tone  of  colored  paper  and 
mount  them  on  a  neutral  gray  background. 

Note.  —  For  busy  work,  the  children  may  be  allowed  to  make  original 
arrangements,  using  the  bits  of  colored  paper  which  are  left  from  the  regu- 
lar color  lessons,  and  combining  them  as  their  tastes  dictate. 

Later  combine  two  or  more  self-tones.  Four  or  even  five  tones 
of  a  color  may  be  effectively  combined.  One  tone  may  be  used  to 
outline  the  units  by  cutting  from  a  second  tone  a  second  set  of  units 
a  little  larger  than  the  first  and  mounting  the  smaller  ones  on  the 
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larger,  and  these  on  the  background.  The  background  may  be  made 
by  cutting  backgrounds  of  different  sizes  from  the  different  tones  and 
mounting  the  smaller  on  the  larger.  Adjacent  tones  must  be  care- 
fully selected,  as  violent  contrasts  are  generally  unpleasant. 

Combining  these  self-tones  leads  the  child  to  make  harmonious 
combinations,  when,  in  later  work  with  the  colored  papers,  he  is 
allowed  to  combine  such  colors  as  his  taste  dictates. 

To  obtain  the  colored  units,  trace  around  the  tablets  or  patterns 
on  colored  paper  and  cut.  The  tracings  or  drawings  should  be 
placed  as  closely  together  as  possible,  to  avoid  unnecessary  waste  of 
material.  The  tracings  must  always  be  made  on  the  white  side  of  the 
paper,  that  the  pencil  lines  may  not  show  when  the  design  is  com- 
pleted. 

After  the  units  are  cut,  they  may  be  arranged  and  pasted  on  the 
background.  With  young  children  it  is  well  to  place  points  for  the 
positions  of  the  units. 

The  best  results  in  pasting  are  obtained  by  using  a  very  thick 
mucilage,  made  by  dissolving  a  cheap  grade  of  gum  arable  or  gum 
tragacanth  in  cold  water.  Very  little  of  this  is  needed  to  hold  the 
units  securely  in  position.  A  piece  of  paper  with  a  drop  of  mucilage 
upon  it  is  all  that  is  required  for  each  pupil.  Apply  the  mucilage 
at  the  centres  with  a  tooth-pick  if  the  units  are  small,  and  near  the 
points  if  the  units  are  large. 

After  the  units  are  in  position,  place  a  piece  of  clean  paper  over 
them  and  rub  quite  hard  with  the  flat  surface  of  the  thumb  or  finger- 
nail, or  with  the  tips  of  the  fingers.  This  presses  the  units  down 
perfectly  flat.  The  design  may  then  be  placed  under  pressure  until 
dry. 

PAPER    FOLDING   AND    CUTTING. 

To  have  well-balanced  units  and  arrangements  in  color  work,  it 
is  necessary  to  have  patterns  which  are  as  nearly  perfect  as  possible. 
The  best  patterns  are  made  by  folding  and  cutting.  In  making 
designs  of  varied  geometric  forms,  the  units  should  not  be  folded 
and  cut  directly  from  the  colored  paper,  as  creases  are  not  desirable. 
Therefore,  the  children  must  be  able  to  fold  and  cut  accurately  from 
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practice  paper  variations  of  any  geometric  form,  and  also  patterns 
for  balanced  units  or  designs.  Pupils  will  find  this  knowledge 
beneficial  in  advanced  as  well  as  elementary  work. 

An  illustrated  talk  on  this  subject  should  be  given  by  the  teacher. 
After  such  a  talk,  many  interesting  and  original  variations  of  the 
geometric  forms  may  be  made  at  home  by  the  children. 

The  following  are  the  steps  by  which  any  geometric  form  may  be 
varied : 

1.  Cut  the  form  to  be  varied. 

This  may  be  done  in  several  ways.  In  the  lower  grades,  the 
forms  are  obtained  by  tracing  around  the  large  tablets  and  then 
cutting.  If  forms  larger  than  these  are  required,  as  is  often  the 
case  in  higher  grade  work,  the  forms  are  constructed  by  geometric 
methods. 

2.  Fold  to  form  the  number  of  units  required. 

It  will  be  observed  by  the  following  illustrations  that  when  it  is 
desired  to  repeat  one  unit  about  a  centre,  the  form  to  be  varied 
is  folded  so  that  a  crease  passes  through  the  centre  of  each  unit,  and 
also  half  way  between  each  two  units.  The  folds  and  edges  must 
represent  to  the  pupil  the  different  parts  of  the  form  to  be  varied. 
See  varied  square.  Fig.  4. 

3.  Draw  half  a  unit  in  the  position  desired. 

If  the  unit  is  to  be  repeated  on  a  diagonal,  it  must  be  drawn  so 
that  its  axis  is  the  fold  which  represents  a  diagonal  of  the  form  to 
be  varied.  If  the  unit  is  to  be  repeated  on  a  diameter,  it  must  be 
drawn  so  that  its  axis  is  the  fold  which  represents  a  diameter  of  the 
form  to  be  varied. 

4.  Cut  on  the  lines  drawn. 

5.  Unfold. 

The  above  notes  give  the  method  of  procedure  when  it  is  desired 
to  vary  the  forms  in  such  a  way  that  they  represent  rosettes  or  a 
repetition  or  alternation  of  units  about  a  centre.  The  same  method, 
however,  is  employed  when  a  simple  variation  of  a  geometric  form  is 
required,  except  that  it  is  not  always  necessary  to  draw  the  variation 
before  cutting.  In  order  to  keep  the  units  from  being  too  compli- 
cated, it  is  often  advisable  to  limit  the  children  as  to  the  number  of 
cuts  they  may  make. 
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The  following  figures  illustrate  the  steps  described  above,  and 
also  show  that  it  is  desirable  to  keep  the  forms  simple.  Study  face 
views  of  flowers  and  also  leaves  which  are  simple  in  outline,  for  sug- 
gestions of  units. 


The  Square. 


Fig.  s.  Fig.  6.  Fig.  7.  Fig.  8. 

variation  as  os^  Fig.  7,  and  cut. 

6.    Unfold  and  obtain  the  pattern,  Fig.  6  or  Fig.  8. 


1 .  Cut  a  square, 
Fig.   I. 

2.  Fold  Fig.  I 
on  ab  and  obtain 
Fig.  2. 

3.  Fold  Fig.  2 
on  cd  and  obtain 
Fig.  3- 

4.  Fold  Fig.  3 
on  ef  and  obtain 
Fig.  4. 

5.  Draw  line  gh, 
Fig.  5,  or  any  simple 


Fig.  I. 


Fig.  2. 


The  Equilateral  Triangle. 

1.  Cut     the     triangle 
Fig.  I. 

2.  Fold     on     line     a 
Fig.   I. 

3.  Unfold     and    fold 
on  Ime  b. 


Fig.  3. 


Fig.  4. 


4.  Unfold  and  fold  on  line  c.     Unfold. 

5.  Fold  Fig.  I  on  line  a  and  obtain  Fig.  2. 

6.  Draw  line  de^  Fig.  3,  and  cut. 

7.  Transfer  this  unit  to  the  other  corners  to  obtain  the  desired  units. 

8.  Cut  on  the  lines  drawn  and  obtain  Fig.  4. 


The  equilateral  triangle  can  be  folded  so  that  all  the  units  may 
be  cut  at  one  time,  but  the  method  explained  insures  more  accurate 
results,  and  is  applicable  to  the  variation  of  other  forms. 
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^ 


Fig.  2.  Fig.  3.  Fig.  4. 

1.  Cut  the  pentagon,  Fig.  i. 

2.  Fold  Fig.  I  on  line  ab^  and  obtain  Fig.  2. 

3.  Fold  Fig.  2  on  cd^  and  obtain  Fig.  3. 

4.  Draw  line  <?/",  Fig.  3,  and  cut. 

5.  Transfer  this  unit  to  the  other  corners  to  obtain  the  desired  units. 

6.  Cut  on  the  lines  drawn,  and  obtain  Fig.  4. 

The  Hexagon. 


Fig. 


Fig.  2. 


Fig.  3. 


Fig. 


Fig.  s. 


Fig.  6. 


Cut  the  hexagon.  Fig.  i . 
Fold  Fig.  I  on  line  ab.^  and  obtain  Fig.  2. 
Fold  Fig.  2  on  line  cd^  and  obtain  Fig.  3. 
Fold  Fig.  3  on  line  ef,  and  obtain  Fig.  4. 
Fold  Fig.  4  on  line  gh^  and  obtain  Fig.  5. 
Draw  the  line  ks^  Fig.  5,  and  cut. 
Unfold,  and  obtain  Fig.  6. 


If  it  is  desired  to  make  a  pattern  for  a  rosette  with  three,  five,  or 
six  points,  polygons  of  the  required  number  of  sides  may  be  con- 


FiG.  I.  Fig.  2.  Fig.  3.         Fig.  4.  Fig.  5. 

structed,  and  then  folded  and  cut.     A  simpler  way,  however,  is  to 
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describe  a  circle  of  the  required  size,  and  divide  the  circumference 
into  a  number  of  parts  equal  to  the  number  of  points  in  the  rosette. 
From  these  points  to  the  centre  of  the  circle 
draw  lines  with  the  ruler.  Cut  the  circle  and 
fold  on  the  lines  drawn.  Fold  again,  draw 
half  unit,  and  cut.  When  unfolded,  it  will  be 
the  required  pattern.     See  illustrations. 

Note.  —  To  draw  circles  of  any  required  di- 
ameter when  compasses  are  not  provided,  take  a 
strip  of  cardboard  and  make  two  pinholes  near 
one  edge,  the  distance  apart  of  the  radius  of  the  required  circle.  Then 
put  a  lead  pencil  through  one  hole,  and  revolve  about  a  pin,  which  is 
placed  in  the  other.     This  gives  the  required  circle. 

TRACING   PAPER. 

Instead  of  cutting  patterns,  designs  may  be  duplicated  by  the 
use  of  tracing  paper,  as  follows  :  Place  the  tracing  paper  over  the 
design  to  be  transferred,  and  hold  it  in  place  by  the  use  of  tacks,  a 
weight,  the  hand,  or  by  a  little  mucilage,  while  the  design  is  traced 
to  the  paper  with  a  hard  pencil.  Then  turn  the  paper  over,  and 
with  a  softer  pencil  go  over  the  lines  of  the  tracing  as  seen  from  the 
back  of  the  paper.  Place  the  tracing  paper  in  position,  with  the 
soft  pencil  lines  against  the  paper  to  which  the  drawing  is  to  be 
transferred.  Transfer  by  drawing  over  the  lines  with  the  hard  pencil. 
The  tracing  may  be  used  to  give  as  many  transfers  as  desired. 

This  method  of  transferring  is  especially  useful  in  color  and 
design  work  for  the  upper  grades,  where  the  designs  are  too  compli- 
cated to  cut  the  patterns,  or  where  it  is  desired  to  make  one  half  of 
a  design  exactly  like  the  other  half. 

The  same  method  is  employed  in  transferring  designs  to  the 
color  block,  for  work  with  pigments. 

PIGMENTS. 

Moist  water  colors  are  the  most  convenient  for  use  in  the  school- 
room. In  the  first  work  with  pigments,  color  is  the  only  essential, 
hence  all  enclosing  forms  may  be  drawn  in  the  quickest  way,  which  is 
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by  the  use  of  a  ruler,  compasses,  tracing  paper,  or  by  drawing  around 
tablets  or  patterns. 

Before  any  attempt  to  handle  pigments  is  made  by  the  pupils,  an 
illustrated  exercise  should  be  given  by  the  teacher,  to  show  the  method 
of  using  materials. 

If  a  flat  wash  of  any  color  is  required,  first  draw  the  form  to 
enclose  the  wash  ;  then  moisten  the  paper  with  a  damp  sponge  or 
cloth  to  cause  the  paper  to  absorb  the  color  readily  and  evenly.  If 
this  is  not  done  the  color  will  not  fill  the  depressions  in  the  paper, 
and  will  dry,  leaving  white  spots. 

For  the  normal  tones  the  pigments  are  to  be  taken  from  the  pans 
with  the  brush,  thoroughly  mixed  with  water,  and  applied  to  a  piece 
of  white  paper,  kept  for  the  purpose  of  testing  the  washes.  If  the 
wash  proves  too  light,  more  pigment  should  be  added,  until  a  wash 
of  the  required  strength  has  been  produced,  the  normal  colored  paper 
serving  as  a  standard  for  comparison. 

The  washes  must  give,  when  first  applied,  a  color  stronger  than 
is  desired,  as  they  lighten  in  drying. 

When  the  paper,  which  has  been  moistened,  is  nearly  dry,  place 
the  block  upon  the  desk.  It  is  then  slightly  inclined,  so  that  the 
water  will  flow  downward.  Fill  the  brush  with  the  prepared  wash 
and  apply  to  the  paper.  Beginning  at  the  upper  left  portion  of  the 
figure,  carry  the  brush  regularly  across  from  left  to  right  and  from 
right  to  left,  and  at  the  same  time  move  it  gradually  downward.  The 
brush  should  be  kept  well  filled  with  color,  and  its  side  should  be 
upon  the  paper. 

The  point  of  the  brush  is  used  for  corners  or  for  places  where  it 
is  necessary  to  use  but  little  color.  The  brush  should  be  kept  well 
charged  with  color  until  the  space  is  nearly  covered,  when  the  color 
not  required  may  be  removed  by  the  use  of  a  dry  brush.  The 
brush  may  be  dried  by  the  use  of  a  blotter  or  sponge,  or  by  pressing 
it  against  the  side  of  the  water  glass. 

If  by  accident  the  color  runs  over  the  edges,  the  irregularity  may 
be  remedied  by  placing  the  blotter  flat  upon  the  block,  outside  of  the 
form  of  color  and  against  the  edge.  This  will  remove  the  surplus  color 
without  injury  to  the  drawing.  The  surface  of  the  wash  must  not  be 
touched,  or  an  adjacent  wash  applied  until  the  first  is  thoroughly  dry. 
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In  water  colors,  tints  of  any  color  are  made  by  diluting  the  nor- 
mal with  water.  Shades  are  made  by  the  addition  of  black  to  the 
normal  tone. 

For  a  drawing  representing  a  gradation  from  the  lightest  tint  to 
the  darkest  shade  of  any  color,  begin  at  the  top  with  the  lightest  tint, 
using  the  brush  as  described  and  working  downward,  gradually 
increasing  the  strength  of  the  tone  by  adding  pigment  to  the  wash 
until,  at  the  middle  of  the  space,  the  full  strength  or  normal  tone  is 
obtained.  Then  add  a  little  black,  and  continue  to  add  black  as  the 
wash  proceeds  until,  at  the  bottom,  the  deepest  shade  is  obtained. 

Designs  in  Self-Tones. 

When  a  border  or  surface  decoration  is  to  be  colored,  the  outline 
must  be  drawn  with  a  hard  pencil. 

The  paper  should  be  moistened,  as  explained,  and  then  a  wash  of 
the  lightest  tone  which  is  to  be  used  may  be  placed  over  the  whole 
drawing.  Next,  a  wash,  which  will  strengthen  this  to  form  the  next 
darker  tone  required,  may  be  placed  over  all  the  design  except  the 
lightest  parts,  that  were  completed  with  the  first  wash.  Continue  in 
this  way  until  all  the  tones  required  are  used,  and  the  design  is 
completed. 

By  carrying  the  lightest  tone  over  the  whole  drawing,  and  the 
others  as  far  as  possible,  hard  water  lines  are  not  formed  around  the 
units.  When  washes  are  brought  from  two  directions  against  any 
line,  water  lines  and  uneven  results  are  generally  produced. 

When  it  is  desired  to  copy  a  design  in  its  actual  colors,  the  colors 
must  be  tested  on  paper  before  being  placed  on  the  drawing. 

COLOR   APPEARANCES. 

In  the  eighth  grade  the  pupils  may  use  the  pigments  to  represent 
colors  as  they  appear  when  influenced  by  distance,  light  and  shade, 
etc.  A  simple  preparation  for  the  study  of  still  life  in  color  may  be 
given  by  the  use  of  a  color-wheel.  The  discs  may  be  arranged  upon 
the  wheel  so  that  the  pupils  do  not  see  them  until  they  are  in  motion. 
They  will,  not  knowing  the  colors  of  the  discs,  then  have  the  best 
opportunity  to  determine  their  power  to  see  color.     The  wheel  used 
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for  this  purpose  should  be  placed  at  the  front  of  the  room.  When 
the  pupils  have  laid  the  wash  to  represent  the  color,  they  may  com- 
pare their  work  with  that  of  others,  and  with  the  color  produced  by 
the  wheel. 

Another  simple  way  in  which  transient  color  effects  may  be  stud- 
ied is  by  the  use  of  a  box  arranged  to  hold  a  sheet  of  paper  so  that  it 
may  receive  colored  rays  of  light  transmitted  by  a  sheet  of  colored 
glass  or  gelatine.  This  box  should  be  made  so  that  the  colored  glass 
is  not  seen  by  the  pupils,  and  they  should  not  see  the  paper  before  it 
is  placed  in  the  box.  The  paper  used  in  this  box  should  be  white  or 
some  light  tint  or  color,  for  the  colors  produced  by  the  use  of  dark 
colors  will  be  so  rich  and  dark  that  it  will  be  impossible  to  represent 
them  by  pigments. 

The  colored  glass  or  gelatine  may  be  obtained  in  many  different 
colors  and  tints,  and  the  light  transmitted  may  be  varied  by  using  two 
sheets  at  once. 

Study  of  this  kind  will  be  interesting  and  valuable,  and  will  lead 
to  a  higher  appreciation  of  the  beauties  of  Nature  and  art.  Where 
the  cost  of  materials  necessary  for  color  work  does  not  prevent  its 
being  carried  on,  work  can  be  obtained  in  the  high  schools  which  will 
show  that  color,  as  well  as  outline  drawing,  can  be  taught  in  the 
public  schools. 

The  following  tables  from  Rood's  work  on  color  give  the  effects 
produced  by  transmitted  colored  light  falling  upon  different  colors, 
and  may  assist  those  teachers  who  wish  to  use  transmitted  lights  for 
color  study : 

Table  I. 

Yellow  light  falling  on  paper  painted  with 


Carmine  gives 

Vermilion  " 

Orange  " 

Chrome-yellow  " 

Gamboge  " 

Yellowish-green  " 

Green  " 

Blue-green  " 

Cyan-blue  " 


Red-orange. 

Bright  orange-red. 

Bright  orange-yellow. 

Bright  yellow. 

Bright  yellow. 

Yellow. 

Bright  yellow-green. 

Yellow-green  (whitish). 

Yellow-green. 
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Yellow  light  falling  on  paper 

painted  with 

Prussian-blue 

gives 

.     Bright  green. 

Ultramarine-blue    " 

.     White. 

Violet 

u 

.     Pale  reddish  tint. 

Purple-violet 

« 

.     Orange  (whitish). 

Purple 

(( 

.     Orange. 

Black 

(( 

.     Yellow. 
Table  IL 

Red  light  falling  on  ] 

)aper  painted  with 

Carmine 

gives 

.     Red. 

Vermilion 

(( 

.     Bright  red. 

Orange 

(( 

.     Red-orange  and  scarlet 

Chrome-yellow 

(( 

.     Orange. 

Gamboge 

(( 

.     Orange. 

Yellowish-green 

(( 

.     Yellow  and  orange. 

Green 

(( 

.     Yellow  and  orange  (whitish). 

Blue-green 

(( 

.     Nearly  white. 

Cyan-blue 

(( 

.     Gray. 

Prussian-blue 

u 

.     Red-purple  or  blue-violet. 

Ultramarine-blue    " 

.     Red-purple  or  blue-violet. 

Violet 

(( 

.     Red-purple. 

Purple-violet 

u 

.     Red-purple. 

Purple 

u 

.     Purple-red  or  red. 

Black 

<( 

.     Dark  red. 
Table  III. 

Green  light  falling  or 

1  paper  painted  with 

Carmine 

gives 

.     Dull  yellow. 

Vermilion 

(( 

.     Dull  yellow  or  greenish-yellow. 

Orange 

a 

.     Yellow  and  greenish-yellow. 

Chrome-yellow 

n 

.     Yellowish-green. 

Gamboge 

n 

.     Yellowish-green. 

Yellowish-green 

u 

.     Yellowish-green. 

Green 

u 

.     Bright  green. 

Blue-green 

n 

.     Green. 

Cyan-blue 

n 

.     Blue-green. 

Prussian-blue 

u 

.     Blue-green,  cyan-blue. 
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Green  light  falling  on  paper  painted  with 


Ultramarine         gives 

.     Cyan-blue,  blue. 

Violet                      " 

.     Cyan-blue,  blue,  violet-blue  (all  whitish) 

Purple-violet           " 

.     Pale  blue-green,  pale  blue. 

Purple                     " 

.     Greenish-gray,  gray,  reddish-gray. 

Black                      « 

.     Dark  green. 

Table  IV.           * 

Blue  light  falling  on  paper  painted  with 

Carmine               gives 

.     Purple. 

Vermilion                " 

.     Red-purple. 

Orange                    " 

.     Whitish-purple. 

Chrome-yellow       " 

.     Yellowish-gray,  greenish-gray. 

Gamboge                " 

.     Yellowish-gray,  greenish-gray. 

Yellowish-green      " 

.     Blue-gray. 

Green                      " 

.     Blue-green,  cyan-blue. 

Blue-green              " 

.     Cyan-blue,  blue. 

Cyan-blue               " 

.     Blue. 

Prussian-blue          " 

.     Blue. 

Ultramarine-blue    " 

.     Blue. 

Violet 

.     Ultramarine,  violet-blue. 

Purple-violet           " 

.     Blue-violet. 

Purple                    " 

.     Violet-blue,  purple-violet. 

Black 

.     Dark  blue. 

SYNOPSIS   OF   COLOR   WORK 

FOR  -AN  EIGHT  YEARS'  COURSE. 


First  Year. 


Colors.     Six  leading  normal  colors :  red,  orange,  yellow,  green,  blue, 
and  violet. 

Color  perception. 
Color  relations. 

Individual  color  and  color  names. 
Use  of  colored  papers  in  arrangements. 
Arrangements.     Borders  and  rosettes  of  geometric  forms,  in  one  tone, 
mounted  on  gray  paper. 

Second  Year. 

Colors.     Six  leading  normal  colors,  with  two  tints  and  two  shades 
of  each. 

Color  names,  tints,  and  shades. 
Scaling  of  five  tones  of  the  same  color. 
Use  of  colored  papers  in  arrangements. 
Arrangements.     Borders  and  rosettes,  of  geometric  forms  and  geo- 
metric forms  varied,  in  two  or  three  self-tones  of  colored  paper. 


Third  Year. 

Colors.     Six  normal  intermediate  colors  :   red-orange,  orange-yellow, 
yellow-green,  green-blue,  blue-violet,  and  violet-red. 
Individual  colors  and  color  names. 
Use  of  colored  papers  in  arrangements. 
Arrangements.     Units,  borders  and  rosettes  of  geometric  and  varied 
geometric  forms,  in  one  tone  of  colored  paper,  mounted  on  gray  back- 
grounds. 
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Fourth  Year. 

Colors.  Six  normal  intermediate  colors,  with  two  tints  and  two  shades 
of  each. 

Scaling  of  five  tones  of  each  intermediate  color. 
Use  of  colored  papers  in  arrangements. 
Arrangements.     Borders  and  rosettes  of  geometric  forms  varied,  and 
also  of  units  based  upon  natural  forms,  such  as  leaves  and  face  views  of 
flowers.     The  arrangements   are  made  of  two  or  three  self-tones  of  the 
intermediate  colored  papers. 

Fifth  Year. 

Colors.  Red-gray  (russet),  orange-gray  (brown),  yellow-gray  (citrine), 
green-gray  (olive),  blue-gray  (slate),  violet-gray  (heliotrope)  ;  normal,  two 
tints,  and  two  shades  of  each  color. 

Individual  color  and  color  names. 
ScaUng  of  five  self -tones  of  the  grays. 
Use  of  self-tones  of  colored  papers  in  arrangements. 
Arrangements.    Borders  and  rosettes  of  geometric  forms  varied,  and 
units  and  arrangements  suggested  by  plant  forms  and  historic  ornament,  in 
two,  three,  or  four  self-tones  of  colored  paper. 

Sixth  Year. 

Colors.     Red,  yellow,  and  blue  pigments.     Six  leading  and  six  inter- 
mediate colors,  normals,  tints,  and  shades,  in  colored  papers. 
Uses  of  Colors. 

Scaling  self-tones  in  flat  washes  of  the  primary  pigments. 
Use  of  primary  pigments  in  decoration. 
Use  of  the  intermediate  colored  papers  in  decoration. 
Decoration.     Border  and  surface  designs,  using  units  suggested  by 
plant  forms  and  historic  ornament. 

Seventh  Year. 

Colors.     Red,  yellow,  blue,  orange,  green,  and  violet  pigments. 

Six  leading  colors,  six  intermediate  colors,  and  the  grays ;  normals, 
tints,  and  shades  in  colored  papers. 
Uses  of  Colors. 

Scaling  self-tones  of  the  secondary  pigments  in  flat  washes. 

Use  of  secondary  pigments  in  decoration. 

Use  of  colored  papers  in  decoration. 
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Decoration.     Borders,  rosettes,  surface  decorations,  and  elementary 
designs,  the  detail  to  be  suggested  by  plant  forms  and  historic  ornament. 

Eighth  Tear. 

Colors.     Pigments. 
Uses  of  Colors. 

Scaling  self-tones  of  the  tertiary  pigments. 

Experiments  with  pigments  to  represent  apparent  colors. 

Use  of  pigments  in  decoration. 
Decoration.     Elementary    and    applied    designs,   the   detail   to   be 
suggested  by  plant  forms  and  historic  ornament- 
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The  following  lessons  form  the  color  work  in  the  National  Drawing  Course  ;  they  are  to  be  given 
in  the  public  schools  as  directed  in  the  outlines  of  lessons  for  Primary  and  Grammar  Grades. 

FIRST   YEAR. 

1.  Test  the  color  perception  of  the  pupils.     Each  child  choose  the  color 

he  likes  best,  and  place  all  of  the  tablets  of  that  color  in  one  pile. 
Reasons  for  preference  of  colors.  Place  all  the  tablets  of  the  same 
color  in  separate  piles. 

2.  Have  the  children  discover  all  the  colors  they  can  in  the  solar  spectrum, 

formed  by  the  light  passing  through  a  glass  prism  and  falling  upon 
a  sheet  of  white  paper  or  upon  a  screen. 

3.  Lay  as  much  of  the  spectrum  chart  as  possible,  by  relation  of  colors. 

Have  the  spectrum  before  the  class  when  possible. 

4.  Teach  red.     See  "  Individual  Colors,"  page  41. 

5.  Review  red,  and  see  if  the  children  can  find  the  color  which  is  next  to 

red  in  the  spectrum.     Teach  orange. 

6.    Make  a  border  arrangement,  using  circular  tablets. 

•-S  ^  ^  /-N  /^  Teach  unit.     Teach  repeat  and  repetition. 

^-^  ^-^  ^-^  ^-^  ^^      7.    Part  of  the  class  use  red,  and  the  rest  orange 

—  colored  paper,  and  trace  around  the  tablets  to 

kJ  w     V-J  W  form  the  units  of  the  border  arrangement  last 

— •  made.     Cut  two  narrow  strips  for  border  lines. 

CJUCJ  CJUU    8-   Cut  the  units  traced,  and  place  them  in  an  envelope. 
Suggestions.  9-    Arrange  the  units  on  a  gray  background,  and 

begin  to  paste. 
ID.    Complete  the  border  arrangement. 

1 1 .  Lay  the  spectrum  chart  by  relation  of  colors. 

1 2.  Review  red  and  orange  and  teach  yellow. 

13.  Review  colors  studied  and  lay  spectrum  chart. 

14.  Review  yellow  and  teach  green. 

15.    Make  an  original  arrangement  for  a  border,  using 

[— J  LJ  LJ  D  D  square  tablets. 

yv     y.     y.     ^.  16.    Part  of  the  class  use  yellow  and  the  rest  green 

\X    NX    \X    \x  colored   paper,  and   trace   around    the  square 

p-,    ■— ,    I — ,     I — I  tablet  to  form  the  units  of  the  border  arranged. 

Mf— I    I — tj —  1 7'    ^"t  the  units  traced,  and  also  two  strips  Y'  wide. 

Suggestions.  ^^  ^^  "^^^  ^^  border  lines.    Place  all  in  the 
envelope  kept  for  color  work. 


r 
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ODOD 

DODO 


Suggestions. 


1 8.  Arrange  the  strips  and  units  on  a  gray  background,  and  begin  to  paste. 

19.  Complete  the  border  arrangement. 

20.  Review  colors  studied,  and  lay  spectrum  chart  by  relation  of  colors. 

21.  Review  colors  studied  and  teach  blue. 

22.  Review  blue  and  teach  violet. 

23.  Make  an  original  radial  or  border  ar- 
rangement, using  square,  or  square 
and  circular,  tablets.  Teach  alterna- 
tion of  position  and  form. 

24.  Part  of  the  class  use  blue  and  the  rest 
violet  colored  paper.  Trace  around 
the  tablets  to  form  the  units  of  the 

arrangement  last  made. 
25.    Cut  the  units  traced,  and  place  them  in  an  envelope.     If  the  arrange- 
ment is  for  a  border,  strips  must  be  cut  for  border  lines. 

26.  Arrange  the  units  on  a  background  of  gray  paper,  and 
begin  to  paste. 

27.  Complete  the  arrangement. 

28.  Each  child  is  to  have  a  6"  square  of  the  color  pre- 
ferred. Fold  on  line  a  ;  unfold  and  fold  on  line  b. 
Unfold  and  fold  on  lines  c,  d,  e,  and  /.  Fasten  the 
corners  together  with  ribbon  matching  the  paper 
used.     This  forms  a  handkerchief  case. 

29.  Trace  around  a  i\"  square  tablet 
on  practice  paper,  and  cut. 
Fold  on  its  diagonals  and  di- 
ameters, and  cut  to  vary  the 
form.  Unfold  and  keep  the 
pattern.    Time,  twenty  minutes. 

30.  Each  child  use  paper  of  some  color 
Fig.  2.            Fig.  3.  studied,  but  one  which  he  has 

Trace  around  the  pattern 


/' 

\ 

\ 

Fig. 


not  previously  used  in  any  arrangement 
of  the  varied  square,  and  cut. 

Each  child  have  a  4"  square  of  any  colored  paper 
preferred.  Quadrisect  the  edges  by  folding.  Cut 
on  the  folds  shown  by  the  heavy  lines.  By  folding 
the  outer  portions,  a  box  may  be  formed. 
Using  tablets  of  any  of  the  forms  studied,  make  an 
original  border  or  radial  arrangement.  Have  part 
of  the  children  use  one  form  and  part  another,  and 


31 


32. 
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others  combine  two  forms,  remembering  the  design  and  the  number 
of  units  of  each  kind. 

33.  Let  the  first  row  of  children  use  red  colored  paper,  the  second  orange, 

the  third  yellow,  and  so  on  until  all  the  colors  studied  are  being 
used.     Trace  around  the  tablets  to  form  the  arrangement  last  made. 

34.  Cut  the  units  traced,  and  when  the  designs  are  for  borders,  cut  narrow 

strips  of  paper,  the  color  of  the  units,  for  border  lines. 

35.  Arrange  the  units  on  gray   paper,  and  begin  to  paste. 

36.  Complete  the  arrangement  begun,  and  review  colors  studied. 


SECOND   YEAR. 

1.  Review  colors  studied,  and  lay  the  spectrum  chart  by  the  use  of  colored 

tablets. 

2.  Review  red,  and  teach  tints  of  red. 

3.  Review  red,  and  teach  shades  of  red.     Lay  gradations  of  red. 

4.  Review  orange,  and  teach  tints  of  orange. 

5.  Review  orange,  and  teach  shades  of  orange.     Lay  gradations  of  orange. 

6.  Make  an  original  arrangement  of  tablets  for  a  border,  combining  any 

two  forms  studied. 

A  great  variety  of  borders  may  be  obtained,  the  teachers  desig- 
nating the  forms  for  the  children  to  use.  Thus,  the  first  row  may 
combine  the  square  and  circle;  the  second  row  the  square  and  semi- 
circle, and  so  on  until  all  the  lorms  studied  have  been  given. 

7.  Each  child  use  any  two  tones  of  red  or  orange  colored  paper  which  do 

not  make  too  strong  £  contrast. 

Trace  around  .ne  tablets  on  one  tone  to  form  the  units  of  the 
border  arrangement  last  made. 

8.  Cut  the  un'ts  traced.     From  a  second  tone  of  the  same  color  cut  an 

oblong  for  a  background.     Reserve. 

9.  Arrange  the  units  on  the  background,  and  begin  to  paste. 

10.  Complete  the  border  design,  and  review  the  colors  studied. 

1 1 .  Review  yellow,  and  teach  tints  and  shades  of  yellow.     Lay  gradations. 

12.  Review  green,  and  teach  tints  and  shades  of  green.     Lay  gradations. 

13.  Make  an  original  radial  arrangement  of  tablets,  using  any  of  the  forms 

studied.     Determine  the  size  of  the  background  required. 

14.  Each  child  use  two  or  three  tones  of  yellow  or  green  colored  paper. 

On  one  tone  trace  around  the  tablets  to  form  the  units  of  the  radial 
arrangement  last  made. 

15.  Cut  the  units  traced.     Reserve. 
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1 6. 


17. 

18. 
19. 


From  a  second  tone  of  paper,  the  color  of  the  units,  cut  a  square  back- 
ground a  little  larger  than  the  arrangement.  From  a  third  tone  cut 
a  square  a  little  larger  than  the  first. 

Arrange  the  units  on  the  smaller  square,  and  paste.  Then  paste  this 
on  the  larger  square. 

Review  blue,  and  teach  tints  and  shades  of  blue.    Lay  gradations  of  blue. 

Review  violet,  and  teach  tints  and  shades  of  violet.  Lay  gradations  of 
violet. 


22. 
23. 

24. 


20.  Trace  around  a  i^'  square  tablet  on  prac- 
tice paper,  and  cut.  Fold  on  the  diag- 
onals and  diameters.  Vary  the  form  as 
suggested,  and  keep  the  pattern. 


All  tones  of  blue  and  violet  paper  are  to 

be  used  by  the  class,  each  child  having 

any  three  self-tones.     On  one  tone  trace 

around   the  pattern  last  made.     On   a 

second  tone  draw  a  3''  square,  and  on 

Suggestions.  a  third  a  3^  square  for  backgrounds. 

Cut  the  units  traced,  and  keep. 

Paste  the  varied  square  on  the  smaller  background,  and  then  this  on 

the  larger  background. 
Trace  around  a  2.\"  circular  or  square  tablet  on  practice  paper,  and  cut. 
Fold  three  times,  as  illustrated,  and  vary. 

Have  the  children  make  original  variations.     Keep  the  pattern. 


^[3 


25.  Each  child  may  use  any  two  tones  of  the  color  preferred.     On  one 

tone  trace  around  the  pattern  last  made  and  cut. 

26.  From  a  second  tone  cut  a  square  or  circular  background.     Paste  the 
design  upon  the  background. 

27.  Making  a  Hanging  Basket.  Cut  a  d"  square  from 
white  paper,  and  fold  on  diameter  a.  Unfold,  and 
fold  on  b.  Fig.  i .  Unfold,  and  fold  on  lines  c,  d,  <r, 
and/5  Fig.  2. 

Fig.  I. 


b 
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Note.  —  Fold  lines  a  and  b  from  one  side  of  the  paper,  and 
lines  c,  d,  e,  and /from  the  opposite  side,  so  the  laps  will  tip  back 
when  the  basket  is  completed. 


Cut  from  I  to  2  and  from  /  to  g. 


Fig.  5. 


00000 

oxoa? 


Each  child  is  to  have  any  tone  of  colored  paper  which 
he  prefers.  Trace  around  the  small  circular  tablet 
twice,  and  around  the  small  square  tablet  six  times. 
Begin  to  cut  the  units. 

Cut  the  units.     Fold  the  circles  on  a  diameter  and  cut. 

Fold  three  of  the  squares  on  a  diagonal  and  cut. 

Time,  twenty  minutes. 

0.  7 

>•  Arrange  the  units  as  illustrated  (Fig.  4),  on  the  triangles 

^,  k,  s  (Fig.  3),  which  form  overhanging  portions  of  the 

basket.     Place  point  i   (Fig.  3)  on  point  2  and  line 

1-3  will  coincide  with  line  1-2.     Paste.     The  basket 

may  be  hung  with  ribbon  matching  the  decoration. 

Time,  two  lesson  periods. 

Make  an  original  border  or  radial  arrangement  of  tab- 
lets, using  any  one,  two,  or  three  of  the  forms  studied. 

All  the  tones  of  all  the  colors  studied  this  year  are  to 
be  used  in  this  exercise,  each  child  having  two  or 
three  self-tones.  On  one  tone  trace  around  the  tab- 
lets to  form  the  units  of  the  arrangement  last  made. 

Cut  and  reserve  the  units  traced. 

Cut  the  background  for  the  border,  or  radial  arrange- 
ment, of  the  desired  size.  A  second  background, 
Y'  larger  than  the  first,  may  be  cut  to  place  under- 
This  gives  the  effect  of  border  lines. 


33- 


34- 
35- 


Suggestions. 

neath  the  first. 

36.  Arrange  the  units  on  the  smaller  background,  and  begin  to  paste. 

37.  Complete  the  designs  begun  by  pasting  the  smaller  background  on  the 

larger  one.     Review  colors  studied. 


THIRD    YEAR. 

Study  the  spectrum,  and  lay  the  spectrum  chart  by  relation  of  colors. 
Review  the  six  leading  colors,  normals,  tints,  and  shades. 
Teach  red-orange. 
Teach  orange-yellow. 
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6. 


Cut  a  3"  square  from  practice  paper.  Fold  on  its  diagonals  and  diame- 
ters. Each  pupil  make  an  original  variation  of  the  form,  by  draw- 
ing and  cutting.     Unfold  and  reserve  the  pattern. 

Half  the  pupils  are  to  use  red-orange  and  the  rest  orange-yellow  colored 
paper.     Trace  around  the  pattern  of  the  varied  square.     Cut. 

„*  )■  Making  a  Shaving  Case.  Cut  two  5"  squares  from  gray 
'  cardboard.  On  one  of  these  paste  the  varied  square 
cut  the  sixth  lesson.  This  serves  as  the  front  of  the 
case.  The  second  gray  square  is  the  back.  Between 
these  cardboards  place  a  generous  supply  of  white 
tissue  paper,  which  is  cut  5"  square.  Tie  all  together 
with  ribbon  to  match  the  decoration. 

9.  Review  colors  studied,  and  teach  yellow-green. 

10.  Teach  green-blue.     Lay  spectrum  chart  by  relation  of  colors. 

I.    Trace   around    a  ly  square    tablet   on 
practice  paper  and  cut.     Fold  on  one 
diagonal,    2.^  a  b   (Fig.    i),    and    cut. 
Fold  one  of  the  triangles,  as  Fig.  2, 
and  obtain  Fig.  3.     Each  pupil  make 
an  original  variation  by  drawing  and 
cutting.     Unfold  and  reserve  the  pat- 
Suggestions. 
Half  the  pupils  are  to  use  yellow-green  and  the  rest  green-blue  colored 
paper.     Trace  around  the  pattern  of  the  varied  triangle  four  times. 
Also  trace  a  i"  square  for  centre. 

Cut  and  reserve  the  units  traced. 

Arrange  the  units  on  the  diameters  of  a  4"  square  gray 
background  and  paste.     Paste  the  centre  unit. 

Review  the  colors  studied,  and  teach  blue-violet  and  violet- 
red. 

Trace  around  a  ^Y  equilateral  triangle  on  practice  paper 
and  cut.  Trisect  the  sides,  and  connect  the  points  of 
trisection  by  drawing  as  illustrated  in  Fig.  i.  Bisect 
the  sides,  and  connect  the  points  as  in  Fig  2.  Cut  on 
the  heavy  lines  and  obtain  the  pattern  Fig.  3,  which  is 
to  be  kept  for  future  use. 

Trace  around  the  pattern  of  the  varied  triangle  four  times  on  blue-violet 
or  violet-red  paper.  Cut  an  oblong  background,  of  the  required  size, 
from  gray  paper. 
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18  "> 

'  \  Cut  the  units  traced  and  arrange  on  the  gray  background  to  form  a 

border.     Paste.     (Two  lesson  periods.) 

FOURTH    YEAR. 

1 .  Review  red-orange  and  teach  tints  and  shades  of  red-orange. 

2.  Review  orange-yellow  and  teach  tints  and  shades  of  orange-yellow. 

3.  Cut   a   3|''  square   from   practice   paper  and   fold  on  diagonals  and 

diameters.  Each  pupil  make  an  original  variation  of  the  form  by 
first  drawing  half  a  unit  on  a  diagonal  or  diameter  and  then  cutting. 
Unfold  and  reserve  the  pattern. 

4.  Each  child  may  use  any  three  tones  of   red-orange  or  orange-yellow 

paper.  On  one  tone,  trace  around  the  pattern  last  made.  On  a 
second  tone  trace  a  i^'  circle  or  square. 

5.  Cut  the  units  traced  and  also  a  4"  square  from  a  third  tone  of  the 

colored  paper  used. 

6.  Paste  the  design  on  the  small  circle  or  square  and  then  these  on  the 

square  background. 

7.  Review  yellow-green  and  teach  tints  and  shades  of  yellow-green. 

8.  Review  green-blue  and  teach  tints  and  shades  of  green-blue. 
9.    Draw  a  3"  circle  by  means  of  a  strip  of  cardboard. 

Make  two  holes  in  the  strip  ly  apart.  Pass  a 
pin  through  one  hole. and  insert  it  in  the  practice 
paper,  and  passing  the  pencil  point  through 
the  other  hole,  revolve  it  about  the  pin.  Cut  the 
circle  and  fold  on  one  diameter.  Trisect  the 
half  circumference  and  draw  radii  through  these 
points.  Fig.  2.  Fold  on  one  of  these  lines 
and  draw  a  half  unit  on  the  part  folded  over, 
as  illustrated  by  Fig.  3.  Cut,  forming  two 
units.  Use  one  of  these  as  a  pattern  by  which 
Fig-  4-  to  cut  the  third  unit.     Keep  the  pattern  Fig.  4 

for  future  use.  This  circle  may  be  varied  as  suggested,  or  each  child 
may  make  an  original  variation. 
ID.  All  the  tones  of  yellow-green  and  green-blue  are  to  be  used  for  this 
exercise,  each  child  having  any  three  self-tones.  On  one  tone  trace 
around  the  pattern  last  made.  On  a  second  tone  trace  a  iy  equi- 
lateral triangle,  and  on  a  third  tone  draw  a  3^  circle. 

1 1 .  Cut  the  units  traced  and  keep  for  future  use. 

12.  Paste  the  design  on  the  triangle  first  and  then  these  on  the  circular 

background.     Review  colors  studied. 
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13.  ) 

>•  Making  a  Needle  Book.     Draw  two  i\"  circles  on 

gray  cardboard  and  cut.     On  one  of  these,  paste 
the  design  just  completed.     This  is  to  form  the 
front  cover  of  the  needle-book.    The  second  card 
is  for  the  back  of  the  same.     Between  these  two 
cardboards  place  two  or  three  circles  of  the  size 
of  the  cardboard  covers,  cut  from  white  flannel. 
After  these  have  been  arranged,  they  may  be  fas- 
tened together  near  the  edge  with  narrow  ribbon,  of  any  tone  of  the 
color  used  in  the  decoration.     Two  lesson  periods. 
Review  blue-violet  and  teach  tints  and  shades  of  blue-violet. 
Review  violet-red  and  teach  tints  and  shades  of  violet-red. 
Each  pupil  make  an  original  radial  design  by  varying  any  geometric 
form.     First,  draw  on  practice  paper  the  form  to  be  varied,  having 
it  3''  in  diameter.      Leaf   forms   and   historic   ornaments  suggest 
pleasing  units.     Draw  and  cut.     Reserve  the  pattern  thus  formed. 
All  tones  of  blue-violet  and  violet-red  paper  are  to  be  used,  each  child 
having  any  two  or  three  self-tones.     On  one  tone,  trace  around  the 
pattern  last  made,  and  draw  a  background  a  little  larger  than  the 
design  on  a  second  tone.     A  second  background  may  be  drawn  on  a 
third  tone  if  desired. 
Cut  the  units  traced  and  keep  for  future  use. 

Paste  the  design  on  the  smaller  background  first,  then  this  on  the 
larger  background.     Review  colors  studied  this  year. 
Note.  —  If  desired  the  pattern  may  be  traced  three  times  and  a  border  design 
constructed  by  repeating  the  unit.     An  oblong  may  be  cut  from  a  second  tone  of 
paper  for  the  background  of  the  border. 


16. 
17. 


[8. 


19. 

20. 


FIFTH   YEAR. 

1 .  Teach  russet  or  red-gray,  normal,  tints,  and  shades. 

2.  Teach  brown  or  orange-gray,  normal,  tints,  and  shades. 
Cut  a  4"  square  from  practice  paper,  and  fold  on 

diagonals  and  diameters.  See  Fig.  i.  Bisect 
a  half  diagonal,  and  from  this  point  to  the  end 
of  the  diameter  draw  a  quadrant,  Fig.  2.  Cut, 
and  unfold  to  obtain  the  quatrefoil,  Fig.  3. 
Trace  around  this  pattern  on  one  tone  of  rus- 
set or  brown  colored  paper,  and  cut  and  keep 
for  a  background. 
All  tones  of  russet  and  brown  are  to  be  used. 

Fig.  3- 
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4.    Fold  the  pattern  of  the  quatrefoil  and  draw  half  a  unit  on 
/^^v^  the  long  edge,  Fig.  i .     Leave  a  space  around  the  unit, 

as  this  is  to  be  mounted  upon  the  quatrefoil,  and  the 
design  must  not  touch  the  outline  of  the  background. 
Cut,  and  keep  the  pattern.  Fig.  2. 

On  a  second  tone  of  russet  or  brown  paper  trace  around 
the  pattern  last  made.     Cut,  and  mount  on  the  quatre- 
foil of  the  same  color  previously  cut. 
'  >  Making  a  Class-Book. 

Cut  two  quatrefoils  from  gray  cardboard,  the  same  size  or  a  little  larger 
than  the  background  of  the  design  completed  the  5th 
lesson.     Paste  the  colored  design  upon  one  of  the  gray 
cardboards.    This  is  for  the  front  cover,  while  the  second 
gray  quatrefoil  is  for  the  back  cover  of  a  little  book,  in 
which  it  is  very  pleasant  for  the  children  to  have  the 
autographs  of   their   classmates.     Between   the   covers 
place  quatrefoils   of  white   paper.     These   should   all   be   fastened 
together  with  ribbon  to  match  the  decoration. 
Teach  citrine  or  yellow-gray,  normal,  tints,  and  shades. 
Teach  olive  or  green-gray,  normal,  tints,  and  shades. 
Trace  around  a  ly  circular  tablet.     Fold,  and  vary  as  suggested  by 

the  face  view  of  some  flower.     Keep  the  pattern. 
All  the  tones  of  citrine  and  olive  are  to  be  used  by  the  class,  each  child  having 
three  or  four  self-tones.   On  one  tone  trace  the  rosette  three  times.   Cut. 
These  rosettes  are  to  form  a  border  design.     The  manner  in  which 
they  are  to  be  mounted  must  now  be  decided,  in  order  to  draw  the 
backgrounds.     Let  the  pupils  suggest  ways  of  mounting. 
Draw  and  cut  the  backgrounds. 

Arrange  and  paste  the  units  to  form  the  border  designs. 
Teach  slate  or  blue-gray,  normal,  tints,  and  shades. 
Teach  heliotrope  or  violet-gray,  normal,  tints,  and  shades. 
Teach  neutral  gray,  normal,  tints,  and  shades. 

1 7.  Select  a  border  of  historic  ornament  which 
can  be  cut  from  paper. 
Take  a  strip  of  paper  3"  wide  and  not  less 
than  9"  or  10"  in  length.  Draw  half 
of  one  unit  of  the  design  at  one  end, 
and  fold  on  the  axis  of  the  unit  as 
many  times  as  is  required  to  make  the 
desired  number  of  units.  Cut,  unfold, 
and  reserve  the  pattern. 
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Fig. 


Fig. 
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1 8.  All  the  tones  of  slate,  heliotrope,  and  neutral  gray  paper  are  to  be  used 

by  the  class,  each  child  having  any  three  or  four  self-tones. 
On  one  tone  trace  around  the  border  pattern  made.     On  a  second  tone 
draw  an  oblong,  a  little  wider  and  the  same  length  as  the  design. 
A  second  oblong,  a  little  wider  than  the  first,  may  be  drawn  on  a 
third  tone  of  paper. 

19.  Cut  and  keep  the  forms  traced. 

20.  Arrange  and  paste  the  design  cut. 

SIXTH   YEAR. 

I.  An  illustrated  exercise  to  be  given  by  the  teacher  (see  page  48)  in 
handling  pigments  for  flat  washes.  How  tints  and  shades  are 
formed. 

'  )■  Draw  on  the  block  five  oblongs,  by   tracing  around  the 

narrow  tablet.     On  space  i   place  a  wash  of  lighter 

red,  on  space  2  a  wash  of  light  red,  on  space  3  a  wash 

of  normal  red,  on  space  4  a  wash  of  dark  red,  and 

on  space  5  a  wash  of  darker  red.    Use  colored  papers 

as  samples.     Two  lesson  periods. 

'  [•  Draw  on  the  block  five  oblongs,  by  tracing  around  the  narrow  tablet. 

On  space  i   place  a  wash  of  lighter  yellow,  on  space  2  a  wash  of 

light  yellow,  on  space  3  a  wash  of  normal  yellow,  on  space  4  a  wash 

of  dark  yellow,  and  on  space  5  a  wash  of  darker  yellow.      Two 

lesson  periods. 

*  [•  Draw  five  oblongs  on  the  block,  as  in  the  lessons  previously  described. 
Make  a  color  scale  of  blue.     Two  lesscjti  periods. 

8  > 
[•  Draw  three  oblongs  on  the  block,  by  tracing  around  the  wide  oblong 

tablet.     On  the  left  oblong  place  a  wash  of  red,  grading  from  the 

j     j  I — j  j — I   lightest  tint  at  the  top  to  the  darkest  shade  at  the  bottom.. 

I  On  the  middle  oblong  place  a  graded  wash  of  yellow,  and  in 

^•^  *-ar  Sr"   the    right   oblong    a   graded  wash    of   blue.      See   page   50. 

Two  lesson  periods. 

10.) 

y  Draw  with  the  compasses  a  5"  circle  whose  centre  is  in  the  middle 

of  the  block.  Draw  a  horizontal  diameter.  Divide  the  circum- 
ference of  the  circle  into  six  equal  parts  by  setting  off  the  radius 
of  the  circle  above  and  below  the  ends  of  the  diameter  drawn. 
Draw  diameters  through  these  points.  Prepare  the  paper  as  explained, 
and  place  over  the  upper  half  of  the  circle,  extending  from  2  to  5, 
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13- 


14. 

15- 
16. 


a  flat  wash  of  normal  yellow.  After  this  has  thoroughly  dried  place 
a  wash  of  normal  red  over  the  left  half  of  the  circle,  beginning  at 
I  and  extending  to  4.  When  this  is  dry 
place  a  flat  wash  of  normal  blue  over  the 
right  side,  beginning  at  6  and  extending 
to  3.  While  the  washes  are  drying  a  general 
review  of  color  work  may  be  given.  After 
all  the  washes  are  completed,  children  name 
the  colors  formed  by  the  overlapping  washes. 
Two  lesson  periods. 

12.    Folding  AND  Cutting.   Trace  around 
a  2y  circular  tablet  on  practice  paper 
and  cut.     Fold  for  four,  five,  or  six 
points,  as  desired,  and  draw  and  cut  a  variation.    Unfold  and  use  as 
a  pattern  for  unit  of  surface  decoration,  or  to  repeat  for  a  border 
design.     Also  cut  a  background  pattern  for  this  unit.     If  preferred, 
a  bi-symmetric  unit  may  be  cut. 
All  the  tones  of  the  six  leading  and  six  intermediate  colored  papers  are 
to  be  used  for  this  design,  each  child  having  any  three  or  four  self- 
tones.     Trace  the  patterns  as  many  times  as  units  are  required. 
Cut  the  units  traced. 
Paste  the  design  for  surface  decoration. 

Draw  five  concentric  circles  on  the  block  of  6,  5,  4,  3,  and  2  inches  in 
diameter.     Place  a  cardboard  under  the  centre,  to  avoid 
making  a  large  hole.     These  circles    are    to  be  covered 
with  flat  washes,  giving  five  tones  of  any  one  of  the  pri- 
mary colors.     Part  of  the  pupils  use  red,  part  yellow,  and 
the  rest  blue.     It  will  be  found  easier  to  handle  the  washes 
by  making  the  outer  circles  the  lightest.     This  wash  may 
be  placed  over  the  whole  circle,  the  next  wash  over  the  whole  of 
the  next  smaller  circle,  and  so  on  to  the  centre,  which  is  the  darkest 
shade.     Each  wash  must  be  thoroughly  dry  before  the  next  is  put  on. 
Complete  the  chart  of  graded  circles. 

-  Select  an  example  of  historic  ornament  studied  this  year,  and  make 
an  original  arrangement  of  the  units  selected.  Draw  the  enclosing 
form  and  construction  lines  on  practice  paper.  If  the  design  repeats 
one  unit,  after  drawing  half  the  unit  fold  on  its  axis  and  cut,  thus  ob- 
taining a  pattern.  Draw  very  lighdy  on  the  block  the  border  lines 
of  enclosing  form.  Trace  around  the  pattern  made.  This  avoids 
erasing,  which  will  prevent  the  laying  of  flat  washes. 
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20. 
21. 
22. 
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This  design  is  to  be  executed  in  any  three  self-tones  of  the  primary 
colored  pigments.  Moisten  the  paper  with  a  damp  sponge  or  cloth. 
Prepare  a  wash  of  the  lightest  tone  of  the  color  to  be  used,  and  cover 
the  entire  surface  of  the  design,  working  as  in  the  lesson  upon  the 
circular  color  scale.  Each  wash  must  be  dry  before  another  is  put 
on.     See  page  50. 

SEVENTH   YEAR. 


Draw   on   the   block    five   oblongs,    by   tracing   around    the    narrow 
oblong  tablet.     On   space    i  place  a   wash  of  lighter  orange  ;   on 
space  2,  a  wash  of  light  orange  ;   on  space  3,   a  wash  of 

□  normal  orange  ;  on  space  4,  a  wash  of  dark  orange  ;  and  on 
space  5,  a  wash  of  darker  orange.     Use  colored  papers  as 

'*'*''*'     samples.     Two  lesson  periods. 

*  ^  Draw  five  narrow  oblongs  on  the  block,  as  explained  in  Lesson   i. 


Make  a  color  scale  of  green.     Two  lesson  periods. 


5- 


'  y  Draw  five  narrow  oblongs  on  the  block,  as   explained  in   Lesson   i 


Make  a  color  scale  of  violet.     Two  lesson  periods. 

*  >  Draw  three  oblongs  on  the  block,  by  tracing  around  the  wide  oblong 
tablet.     On  the  left  oblong  place  a  wash  of  orange,  grading  from 

the  lightest  tint  at  the  top  to  the  darkest  shade  at  the  bottom. 

On  the  middle  oblong  place  a  graded  wash  of  green,  and  on 

I I  I I  I I     the  right  oblong  place  a  graded  wash  of  violet.     Two  lesson 

periods.     See  page  50. 


y  Draw  with  the 
of  the  block. 


.0«■**'^fa« 


compasses  a  5"  circle,  whose  centre  is  in  the  centre 
Draw  a  horizontal  diameter.  Divide  the  circumfer- 
ence of  the  circle  into  six  equal  parts  by 
setting  off  the  radius  of  the  circle  above 
and  below  the  ends  of  the  diameter  drawn. 
Draw  diameters  through  these  points.  Pre- 
pare the  paper  as  explained,  and  over  the 
upper  half  of  the  circle,  extending  from  2  to 
5,  place  a  wash  of  normal  orange.  After 
this  has  thoroughly  dried,  place  a  wash  of 
normal  green  over  the  left  half  of  the  circle, 
beginning  at  i  and  extending  to  4.  When 
this  is  dry,  place  a  flat  wash  of  normal  vio- 
let over  the  right  half,  beginning  at  6  and  extending  to  3.  While 
the  washes  are  drying  a  general  review  of  the  color  work  may  be 
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given.  After  all  the  washes  are  completed  have  children  name  the 
colors  formed  by  the  overlapping  washes.     Two  lesson  periods. 

"  [•  Previous  to  these  lessons  a  border  design,  using  historic  ornament  as 
detail,  has  been  made.  These  two  periods  are  devoted  to  transfer- 
ring this  design  to  the  water  color  block. 

14-  ?■  This  border  design  is  to  be  executed  in  self-tones  of  the  secondary 
15.)  colors  obtained  by  mixing  the  primary  colors.  Part  of  the  class  work 
with  orange,  part  with  green,  and  the  rest  with  violet  pigments. 
When  nearly  dry,  place  the  lightest  tone  to  be  used  over  the  whole 
design.  Continue  as  previously  explained  until  the  design  is  com- 
pleted.    See  page  50. 

[  Pupils  bring  simple  flowers  from  which  to  get  suggestions  for 
rosettes,  to  be  used  as  units  for  surface  or  border  designs.  Two 
lesson  periods  may  be  devoted  to  cutting  patterns  of  units  and  back- 
grounds, preparatory  to  constructing  the  design  of  colored  papers. 
It  is  desirable  to  have  as  great  a  variety  as  possible  in  the  forms 
used  by  the  different  pupils. 

If  desired,  pupils  may  cut  patterns  for  bisymmetric  arrangements. 
Very  pleasing  results  are  obtained  in  a  variety  of  ways  by  the  use  of 
colored  papers  in  design. 

19.  >■  This  design   is   to   be   executed   in  colored    papers.     Colors  which 

20.  )     form  complementary  harmonies,  or  which  combine  the  tones  of  the 

grays  with  those  of  the  six  leading  colors,  may  be  used  ;  or  pupils 
may  be  allowed,  with  occasional  suggestions  from  the  teacher,  to 
select  their  own  combinations  of  colors. 

These  lesson  periods  are  to  be  devoted  to  the  tracing,  cutting, 
arranging,  and  pasting  the  units  of  this  design. 


EIGHTH   YEAR. 
I.   General  review  of  all  the  colors  studied. 

*  [^  Draw  on  the  block  five  oblongs  by  tracing  around  the  narrow  oblong 
tablets.  On  oblong  i  place  a  wash  of  lighter  citrine  ;  on  oblong 
2  place  a  wash  of  light  citrine  ;  on  oblong  3,  a  wash  of  nor- 
mal citrine  ;  on  oblong  4,  a  wash  of  dark  citrine,  and  on 
oblong  5,  a  wash  of  darker  citrine.  Use  colored  papers  as 
samples.     Two  lesson  periods. 
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C  Draw  five  oblongs  on  the  block,  as  explained  in  Lesson  2.  Make  a 
color  scale  of  olive.     Two  lesson  periods. 

>•  Draw  five  oblongs  on  the  block,  as  explained  in  Lesson  2.  Make  a 
color  scale  of  russet.     Two  lesson  periods. 

)■  Draw  three  oblongs  on  the  block  by  tracing  around  the  wide  oblong 
tablet.  (See  Seventh  Year,  7th  Lesson.)  On  the  left  oblong  place 
a  wash  of  citrine,  grading  from  the  lightest  tint  at  the  top  to  the 
darkest  shade  at  the  bottom. 

On  the  middle  oblong  place  a  graded  wash  of  olive,  and  on  the 
right  oblong  a  graded  wash  of  russet.     Two  lesson  periods. 

10.  Exercise  illustrating  the  effects  of  transmitted  light  (see  page  50). 

1 1 .  Have  children  try  to  match,  with  colored  papers,  the  colors  produced 

by  transmitted  light. 

1 2.  Children  try  to  match,  with  washes  or  colored  papers,  the  colors  pro- 

duced by  transmitted  light. 

13.  Children  try  to  produce  apparent  colors  as  seen  in  some  simple  study 

from  still  life.     (Optional.) 
14- > 
15.) 


An  elementary  bisymmetric  or  balanced  design  has  been  previously 
made  (see  Manual,  thirty-first  week),  and  these  two  lesson  periods 
are  devoted  to  transferring  the  design  to  the  water-color  block. 

16.. 

17.  S- This  design  is  to  be  executed  in  washes  of  self-tones  of  the  tertiary 

18.  )     colors.     Three  lesson  periods  devoted  to  coloring  the  design. 

*9*  (■  Good  designs  in  wall-paper  friezes' have  been  previously  brought  by 
^°'        the  pupils  to  the  teacher  for  approval.     These  two  lesson  periods 
are  devoted  to  transferring  the  designs  to  the  water-color  blocks. 

21.. 

22.  V  Three  lesson   periods    devoted    to    copying   the  wall-paper  frieze   in 

23.  )     water  colors. 
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Absolute  color.  —  See  local  color. 

Advancing  and  receding  colors.  —  Those  colors  have  been  called 
advancing  and  receding  whose  tendency  is  toward  yellow  or  blue  respect- 
ively ;  but  the  yellow  sunset  sky  is  behind  the  blue  hills,  and  it  is  difficult  to 
classify  colors  in  this  way,  as  a  yellow  or  any  other  color  advances  or 
retreats  according  to  its  relations  with  other  colors. 

Apparent  color.  —  The  color  which  any  object  appears  to  have. 

Brightness  or  luminosity.  —  The  strength  of  the  light  sent  to  the  eye 
by  any  color.  A  luminous  or  bright  color  sends  a  large  amount  of  light  to 
the  eye. 

Broken  color.  —  Color  changed  by  the  addition  of  gray. 

Cold  colors.  —  Those  in  which  blue  predominates. 

Color.  —  The  result  of  the  decomposition  of  light  into  the  various 
elements  composing  it.  It  is  a  sensation  due  to  the  effects  produced  upon 
the  eye  by  the  waves  of  different  lengths  found  in  light,  and  does  not  exist 
outside  of  ourselves.  Practically  we  speak  of  material  color  as  that  which 
decomposes  light,  and  most  objects  are  colored  in  the  sense  that  they  de- 
compose light  and  send  to  the  eye  rays  which  are  not  white.  Thus  a  body 
which  reflects  all  the  rays  equally  Is  white  ;  one  which  absorbs  all  the  rays 
except  the  red  rays  is  red  ;  and  one  which  absorbs  all  the  rays  except  the 
blue  is  blue  ;  and  one  which  absorbs  practically  all  the  rays  is  black. 

Complementary  colors.  —  See  pages  22  and  24. 

Contrast.  —  The  effect  due  to  the  juxtaposition  of  colors  of  a  different 
nature  or  hue,  or  of  different  tones  of  the  same  color. 

Harmony.  —  Harmony  in  color  is  the  pleasing  effect  due  to  the  action 
upon  each  other  of  colors  which  are  improved  and  made  more  beautiful  by 
their  juxtaposition. 

Hue. —  Hue  has  about  the  same  meaning  as  color.  It  will  be  used  in 
these  notes  to  designate  the  change  in  a  color  caused  by  the  addition  of  a 
small  amount  of  another  color. 

Intense  or  saturated.  —  Colors  are  intense  or  saturated  when  they  are 
both  pure  and  luminous  to  the  greatest  extent.  The  colors  of  the  spectrum 
are  intense  or  saturated. 
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Light.  —  The  agent  which  produces  vision.  Light  is  supposed  to  travel 
in  straight  lines  by  means  of  minute  undulations  or  waves  in  the  particles 
of  ether  which  fill  all  space.  A  ray  of  solar  light  is  composed  of  a  large 
number  of  differently  colored  rays  of  light,  which  uniting  form  white  light. 
These  differently  colored  waves  are  found  to  have  different  wave  lengths. 
When  the  waves  are  about  ^^^xyu  ^^  '^'^  moSx  long  they  produce  the  sensation 
called  red ;  and  as  the  waves  become  shorter,  the  color  sensations  pass  from 
red  to  yellow,  green,  blue,  and  violet.  The  colors  of  the  spectrum  are 
immaterial  color. 

Local  colors.  —  The  actual  color  of  the  light  which  is  not  absorbed  by 
any  object.  This  color  is  visible  when  the  object  is  near  the  eye  and  does 
not  reflect  colored  light  received  from  any  other  object.  To  show  the  local 
color,  the  rays  must  reach  the  eye  unchanged  by  atmosphere  or  by  reflected 
or  transmitted  lights  from  other  objects.  This  can  rarely  happen,  and  the 
color  which  an  object  appears  to  have  is  seldom  its  local  color. 

Neutral  colors.  —  Colors  not  pure  or  decided,  such  as  the  grays. 
Opaque  colors.  —  Those  which  do  not  allow  the  paper  or  canvas  to  be 
seen  through  the  color.     By  mixing  with  opaque  color,  such  as  Chinese 
white,  the  transparent  colors  become  opaque. 

Pigment  colors.  —  All  colors  used  in  the  industrial  and  fine  arts. 

Primary   Pigment   Colors.  —  Red,  yellow,  and  blue.      For  the 

light  primaries  see  Chapter  III. 
Secondary  Pigment  Colors.  —  Those  formed  by  the  mixture  of 
the  pigment  primaries.     They  are  orange,  from  red  and  yellow  ; 
green,  from  blue  and  yellow;  and  violet,  from  red  and  blue. 
Tertiary  Pigment  Colors.  —  Those  formed  by  the  mixture  of  the 
pigment  secondaries.    They  are  russet  or  red  gray,  formed  by  mixing 
orange  and  violet ;  citrine  or  yellow  gray,  formed  by  mixing  orange 
and  green ;  olive  or  blue  gray,  formed  by  mixing  green  and  violet. 
Positive  color.  —  Pure  and  decided  color. 

Pure  or  normal  colors.  —  Pure  colors  reflect  to  the  eye  color  unmixed 
with  white  light.  The  solar  spectrum  contains  the  colors  generally  accepted 
as  the  pure,  or  normal,  colors.  With  pigments  it  is  possible  only  to  approx- 
imate the  pure  color,  as  all  reflect  white  light.  Used  by  artists,  the  word 
means  that  the  color  of  a  picture  is  rich  and  clear,  not  muddy  or  dirty. 

Reflected  light.  —  The  light  generally  seen  on  the  shadow  side  of  any 
object,  caused  by  light  reflected  from  another  part  of  it  or  from  some  other 
object. 

Scale.  —  Scale  designates  the  arrangement  of  a  color  with  its  various 
tints  and  shades  in  regular  order,  from  the  lightest  to  the  darkest.     The 
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word  also  means  the  gradations  of  color  by  which  one  color  changes  into 
another,  as  in  the  spectrum  the  color  passes  from  red  to  orange,  yellow, 
green,  and  blue  by  gradual  changes  of  hue. 

Shade.  —  A  tone  of  a  color  produced  by  the  addition  of  black  pigment  to 
material  colors,  and  by  the  action  of  a  feeble  light  upon  immaterial  colors. 

Shadow.  —  Shade  and  shadow  have  about  the  same  meaning,  as  gen- 
erally used;  but  for  the  sake  of  clearness  it  will  be  well  to  designate  by 
shadow  those  parts  of  an  object  which  do  not  receive  any  direct  rays  of 
light,  while  those  surfaces  which  receive  little  direct  light,  and  are  thus 
intermediate  in  value  between  the  light  and  the  shadow,  are  called  shade 
surfaces. 

The  term  "cast  shadow"  may  then  denote  the  shadow  projected  on 
any  body  or  surface  by  some  other  body. 

Solar  spectrum.  —  The  result  of  the  decomposition  of  sunlight  into  all 
the  colors  which  form  it.  It  may  be  obtained  by  holding  a  triangular 
prism  of  glass  in  the  rays  of  sunlight,  so  that  the  refracted  rays  may  fall 
upon  a  sheet  of  white  paper.  The  principal  solar  spectrum  colors  are  red, 
orange,  yellow,  green,  blue,  and  violet. 

Tint.  —  A  tone  of  a  color  produced  by  the  addition  of  white  to  oil 
colors,  water  to  water  colors,  and  of  white  light  to  the  immaterial  colors  of 
the  spectrum. 

Tone.  —  Tone  designates  the  changes  which  color  undergoes  by  the 
addition  of  white,  which  lightens,  or  of  black,  which  darkens  its  normal  tone. 
The  word  also  means  the  effect  of  some  predominating  color  produced  by 
the  color  of  the  light  which  illuminates  the  object. 
Self  Tones.  —  Tones  of  the  same  color. 

Transparent  colors.  —  Those  in  which  the  color  tints  the  paper  or  can- 
vas, which  shows  through  the  color,  and  acts  with  it  in  producing  the  effect. 

Value.  —  The  relative  amount  of  light  contained  in  different  colors. 
The  strongest  value  is  the  lightest. 

As  used  by  artists,  the  word  generally  means  the  difference  in  effect 
due  to  any  cause  whatever  ;  as  light,  shade,  color,  atmosphere,  etc. 

"Warm  colors.  —  Those  in  which  red  and  yellow  predominate. 
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